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SUMMARY 



This report is the seventh in a series of systematic 
tests in which various lateral control devices are com- 
pared with particular reference to their effectiveness at 
high angles of attack. The present tests were made with 
ordinary ailerons and different sizes of spoilers on rec- 
tangular Clark Y wing models with Handley Page tip and 
full^*pan slots. The tests, which were made in the 7 by 
10 foot wind tunnel ofthe National Advisory Committee 
for Aeronautics, showed the effect of the control devices 
on the general performance of the wings as well as on the 
lateral control and lateral stability characteristics. 

It was found that the wing with Handley "Page tip 
slots and certain combinations ~ of the ailerons and prop- 
erly located spoilers had satisfactory damping in roll 
and satisfactory rolling control with no adverse yawing 
moments at angles of attack up through 30°. With the 
full-span slot the conventional ailerons alone did not 
give rolling control of an assumed satisfactory amount at 
angles of attack above 10 Q (maximum lift occurred at 26°) , 
but when combined with spoilers satisfactory rolling mo- 
ments were obtained" with no adverse yawing moments. Large 
spoilers tested as the sole means of lateral control on 
both the wing with tip" slots and that with the full-span 
slot gave in both cases a moderate amount of rolling con- 
trol at all angles of attack, together with favorable 
yawing moments which were extremely large, possibly too 
large. 
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INTRODUCTION 



A series of systematic wind-tunrtel investigations is 
being made by the National Advisory Committee for Aero- 
nautics in order to compare various lateral control de- 
vices. The various devices are given the same routine 
tests to show their relative merits in regard to lateral 
controllability and their effect on the lateral stabil- 
ity and on airplane performance. They are being tested 
first on rectangular Clark Y wings of aspect ratio 6, then 
on wings with different plan forms, -rings with high lift 
devices, and also on wings with such variations as washout 
and sweepback, which affect lateral stability. The first 
report of this series (reference 1, Part I) dealB with 
three sizes of ordinary ailerons, one of these a medium- 
sized one taken from the average of a number of conven- 
tional airplanes and used as the standard of comparison 
throughout the entire investigation. Other work that has 
been done in this series is reported in reference 1, 
Parts II to VI. In these tests the only control devices 
that affected the lateral stability were ordinary and 
Blotted ailerons arranged to float and floating wing-tip 
ailerons. 

.The present report covers two of the series of in- 
vestigations comparing lateral control devices. The 
first is on a wing with Handley Page tip slots, which im- 
prove the lateral stability at high angles of attack. 
The second is on the same wing fitted with a full-span 
slot, which extends the range of angles of attack below 
the stall and increases the maximum lift coefficient, and 
which therefore requires that the ailerons give greater 
values of the rolling-moment coefficient at the high an- 
gles of attack in order to provide the same degree of lat- 
eral control. The form of the slat and its location with 
the slat open, which are the same for both the tip and 
full-span slots, were taken directly from the optimum re- 
sults of previous tests. (Reference 2.) 

The length of the tip slots was taken as that which 
gave damping in roll to the highest angle of attack. In 
tests described in reference 3, this length was 50 per 
cent of the semi span. The slots were assumed to be auto- 
matic in action, being closed at the low angles of attack 
and open at an angle of attack of 10 or above. 

The wing with both tip and full-span slots was testod 
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with, tiie standard aver ago- si zed ailerons and with these 
same ailerons rigged up 10° when noutral in order to im- 
prove the yawing -moments. (See reference 1, Part III.) 
In addition, tests were made with the ailerons combined 
with spoilers and interceptors, and largo spoilers woro 
tested alone as the solo means of lateral control. 



"APPARATUS 



Model ,~ The wing .model, whicn was constructed of lam- 
inated mahogany, was "basically a Clark Y airfoil 10 inches 
in chord and 60 inches in span. (Fig. 1.) The slats woro 
made of aluminum alloy and woro attached to tho main wing 
by moans of small metal clips. Tho specified ordinatos 
for both tho main airfoil and the slat are givon in Tablo 
I.'; tho modols were constructed to within ±0.005 inch of 
tho so values. 

The spoilers were the same ones tested previously un- 
der reference 1, Part V, being thin metal plates hinged 
in such a manner as to be flush with the surface of the 
airfoil when closed. The medium-sized spoilers, 0.0? c 
high, were hinged at the rear so that the hinge moment 
could be balanced against that of the ailerons to give a 
small control .force, (ffig. 2.) The best location of the 
hinge axis back of the leading edge was found in previous 
tests. (Reference 1, Part V, and reference 4.) This lo- 
cation was far enough back of the slot so that the spoil- 
er could be operated with the slot open or closed. The 
length of the spoiler in th.e case with the tip slot was 
made the same as that of the slot - 50 per cent of the 
semi span . 

With the full- span slot the medium- sized spoilers 
were made the same length as for the first tests on a 
plain wing, 40 per cent of the semispan. (Reference 1» 
Part V.) As shown in Pigure 2, they wore located with the 
outor tips 20 per cent of tho semispan inboard from tho 
tip of the wing. This was the position that gave ,t_he 
highest rolling moment at the angle of attack of maximum 
lift in the preliminary tests, the results of wh.ich are 
given in Pigure 3. • ' 

An interceptor, which is considered here as a small 
spoiler intended essentially to close off the slot at high 
angles of attack, was proportioned as closely as possible 
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to the latest form of Handley Page interceptor, as illus- 
trated in references 5 and 6. (Front position, fig, 4.) 
Inasmuch as previous ft. A. O.A.. tests (reference 4) had in- 
dicated that better results might be expected with the 
interceptor located farther back from the slot, tests were 
also made with it in the rear location as shown in Figure 
4. In both positions it would be covered by the slat when 
the s.lot was closed. These interceptors were tested on- 
ly with the tip slots for they were thought too small to 
give the degree of control assumed satisfactory with the 
full-span slot. 

The large spoiler used alone is shown in Figure 5. 
It is located entirely to the rear of the slot and would 
operate independently of the slot whether it were open or 
closed. 

Wind-t unnel . - All the present tests were made in the 
jff.A.O.A. 7 by 10 foot open-jet wind tunnel. In this tun- 
nel the model is supported in such a manner that the 
forces and moments at the quarter- chord point of the mid 
section of the model are measured directly in coefficient 
form. For autorotatiort tests, the standard force-tost 
tripod is replaced by a special mounting that permits the 
model to rotate about the longitudinal wind axis passing 
through the midspan quarter-chord point. This apparatus- 
is mounted on the balance, and the rolling-moment coeffi- 
cient can be read directly during the forced-rotation 
tests. A complete description of the above equipment is 
given in reference 7 . - - ^,^ (Z _ _ ^ an ,j L i&\ . 

TESTS 



The tests were conducted in accordance with the 
standard procedure, and at the dynamic pressure and 
Reynolds Number employed throughout the entire series of 
investigations on lateral control. (Reference 1.) The 
dynamic pressure was 16,37 pounds per square foot, corre- 
sponding to an air speed of 80 miles per hour at standard 
density, and the Reynolds Number was 609,000, based on 
the chord of the basic airfoil section. 

The regular force tests were made at^ a sufficient 
number of angles of attack to determine the maximum lift 
coefficient, the minimum drag coefficient, and the drag 
coefficient at Cj, = 0.70, which is used to give a rate- 
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of-climb criterion. Free-autorotation testa -were made 
to determine the angle of attack above which autorotation 
was self- starting with all controls neutral. Forced- 
rotation tests were also made in which the rolling moment 
was measured while the wing was rolling at the rotational 

p«b 

velocity corresponding to = 0.05, the highest rate 

likely to be obtained in gusty air, and at angles of yaw 
of both 0° and -20°. 

The accuracy of the results in this report is the 
same as that in Part I (reference 1) except for angles of 
attack above the burble. It is considered satisfactory 
at "all angles of attack for the wing with both tip and 
full-span slots, whereas with the plain wing accurate 
measurement s could not _be made just beyond the stall, 

Assumed control movements. - The force tests were made 
with a sufficient number of spoiler and aileron deflec- 
tions to give data for the four types of aileron movement 
used in the tests with the plain wing (reference 1, Part 
I): equal up-and-down, average differential (No, l) , ex- 
treme differential (No. 2) , and upward movement onTy. The 
relative displacements of the two ailerons are given in 
Figure 6 and the assumed control linkages in Figure 7. 
In the case in which spoilers and ailerons are uBed in 
combination t the maximum. deflect ion of the spoiler is taken 
as 90° and the movement is considered proportional to that 
of the up aileron. 

The maximum deflection of the large spoiler when used 
alone is also assumed to be 90° for the present tests. 
Although the previous tests of this spoiler on a plain 
wing indicated no appreciable gain from deflections above" 
60°, the present tests with the Handley Page sio"ts showed 
a definite increase in rolling moment" "from 60° to 90°. 



RESULTS 



Goef f icient s .- The force-test results are given in 
the form of absolute coefficients of lift and drag and of 
the rolling and yawing moments: 
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lift 
q S 



C D = 



q S 




rolling mom ent 
q b S 



yawing moment 
q b S 



where S is the total wing area with slots closed, b 
is the wing span, and q is the dynamic pressure. The 
coefficients as given above are not corrected for tunnels 
wall effect. They are obtained directly from the balance 
and refer to the wind (or tunnel) axes. In special casek 
in the discussion where the moments are used with refer-' 
ence to body axes, the coefficients are not primed. Thus 
the symbols for the rolling and yawing moment coefficients 
about body axes are 0^ and 0 n . 

The results of the forced-rotation tests are given, 
also about the wind axes, by a coefficient representing: 
the rolling moment due to rolling: 



where X is the rolling moment measured while the wing is 
rolling, and the other factors have the usual signifi- 
cance. This coefficient may be used as a measure of the 
degree of lateral stability or instability of a wing under 
various rolling conditions. In the present case, it is 
used to indicate the characteristics of a wing when it ifl 
subjected to a rolling velocity equal to the maximum like- 
ly to be encountered in controlled flight in very gusty 
air. This rolling velocity may be expressed in terms of 
the wing span as 




X 



q b S 



p'b 
2T 



0.05 



where V is the air speed at the center section of the 
wing, and p» is the angular velocity in roll about the 
wind axi s T • • ■-■ 
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Tablej..- The complete results of the tests for the 
wing with tip slots are given in Tables II to V, inclur- 
sive. Tables II and III give the values of C L , Cp, c x'» 
and 0 n ' for all control deflections and for 0° and -20° 

yaw, respectively. Table IV gives values of C\ at 

p » b p 1 b 

= 0.05, and values of r-~zr over the first part of 

the f ree-autorotatlon range for 0 yaw with £he ailerons 
neutral. Table V gives values of C\ at 2 — - = 0.05 

with -20° yaw. In like manner the results obtained with 
tho full-span slot aro given in Tables VI to IX. 



DISCUSSION IN TERMS 03F CRITERIONS 
SECTION I. TIP SLOTS 



A series of criterions was developed in Part I (ref- 
erence 1) for the purpose of comparing the effect of vari- 
ous ailerons or other lateral control devices on the gen- 
eral performance of an airplane, on its lateral control- 
lability, and on its lateral stability. The ailerons and 
spoilers used in the present tests with their various 
movements are compared with each other by means of these 
criterions in Table X. In addition, values are included 
from reference 1 for the ailerons on a plain unslotted 
wing. 

General Performance 
(Controls Neutral) 



Wing area required for desired landing speed .- The 
value of the maximum lift coefficient is used as a cri- 
terion of the wing area required for the desired landing 
speed, or conversely for the landing speed obtained with 
a given wing area. The value of the maximum lift coeffi- 
cient was slightly lower with the tip slots than with the 
plain unslotted wing, but, as shown in Figure 8, the lift 
coefficient with the slotted wing is maintained at a rel- 
atively high value up to a much higher angle of attack, 
and has a second peak as high P-s the first at an angle of 
attack of 32°. 



When it was decided to make tests on the tip-slotted 
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wing with the ailerons deflected up 10° when neutral to 
improve the yawing moments, it was thought that possibly 
the effect of the tip slot in delaying the stall would o 
eliminate the loss in maximum lift accompanying the 10 
upward deflections on both ailerons of a plain wing. The 
tests showed, however, that the tip slots did not help in 
this respect. The maximum lift coefficient with the ai- 
lerons rigged up was, as in the case of the plain wing, 
6 per cent lower. 

Speed rang e.- The ratio Ci,max/ 0 Dmin is a convenient 
figure of merit for comparison of the relative speed range 
obtained with various wings. The minimum drag coeffi- 
cient in this ratio has been taken as the value for the 
plain wing, the slot being assumed closed and the result- 
ant wing of perfect form for the high speed. The value 
of °Lmax/°Dmin is slightly lower for the wing with tip 
slots than for the plain wing on account of the lower 
values of C^max* It is still lower with the ailerons 
rigged up 10 when neutral. 

Rate of climb t - In order to establish a suitable cri- 
terion for the effect of thQ wing and the lateral control 
devices on the rate of climb of an airplane, the perform- 
ance ctirves of a number of types and siaes pf airplanes 
were calculated, and the relation of the maximum rate of 
climb to the lift and drag' curves was studied. This in- 
vestigation showed that the l/D at Qj, = 0,70 gave a 
consistently reliable figure of merit for this purpose, 
Inasmuch as the slots are assumed closed at this lift co- 
efficient and the wing form is assumed perfect, the value 
of this criterion is the same for the wing with tip olots 
as for the plain wing. 



Lateral Controllability 
(Maximum Assumed Control Deflection) 



RQlllng, criterio n.- The rolling criterion upon which 
the control effectiveness of each of the aileron arrange- 
ments is judged is a figure of merit that is designed to 
be proportional to the initial acceleration of the wing 
tip, following a deflection of the ailerons from neutral, 
regardless of the air speed or the wing plan form of an 
airplane. Expressed in coefficient form for a rectangu- 
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lar monoplane wing, the criterion "becomes 

- , 0 7 , . . 

EC = ~* 
-■ 0 L 

where 0^ is the rolling-moment coefficient about the 
Taody axis due to the ailerons. The numerical value of 
this expression that ha a "been found to represent satis- 
factory control condi ti oasi sapproximatel-y 0.075. A more 
detailed explanation of E.0 and rts more" general form, 
which is" applicable to' any wing plan form, is given in" 
Part I. - 

The comparison of the ailerons_on the "basis of this 
criterion is given in Table X. at" four representative an- 
gles_of .attack! namely, 0° ± 10°, 20°, and 30°. The first 
angle, 0°, represents the high-speed attitude;' a = 10° 
represents the highest angle "of attack at wh ich entirely 
satisfactory control with ordinary ailerons can" be main- 
tained; a =20° represents the condition of greatest in- 
stability in rolling for the plain unslotted Clark Ywing, 
and is probably the greatest attainable an gle of attack 
with most present-day airplanes in a steady _ glicle;~ and~f i- 
nally, a = 30° is representative of the highest angles 
of attack at which the present wing with tip slois'has 
satisfactory control and stability. - " - 

At a = 0° all the control devices tested gave more 
control than necessary, the lowest being nearly double 
the assumed satisfactory value. At this angle of' attack 
the slots are assumed closed and the condition the same 
as for the plain wing. 

At a = 10° the slots are assumed open and all the 
plain aileron arrangements gave reasonably close to the 
assumed satTsfactory value of EC, 0,076, This condition 
is also true for the. large spoiler_ alone . and the comhined 
ailerons and interceptor' with the latter in its original 
position. The combinations of ailerons and spoil ers, in- 
cluding the interceptor in its rear position, gave rolling- 
control criterions in excess of the satisfactory value. 
4 more rigorous comparison could, therefore, be made by 
decreasing the control siaes or deflections to give ap- 
proximately the satisfactory value of RG at a = 10 , 
but this has hot been done "because of the adde'd complica- 
tions. 
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At a = 20 , which represents the highest angle of 
attack that can "be maintained "by an" average airplane in a 
glide, the plain ailerons operating behind the slot did 
not give satisfactory values of EC with any of the four 
movements. The highest value, about 80 per cent of the 
satisfactory, was given "by the average differential move- 
ment with standard rigging and by equal up-and-down move- 
ment with the ailerons rigged up 10° when neutral. (The 
actual maximum position of the ailerons in both of these 
cases is exactly the same.) The extreme differential and 
up- only movements, which gave the highest values of EC 
with the plain wing, gave definitely lower values with the 
wing having tip slots. 

The interceptor in its original location combined 
with ailerons decreased the rolling moments slightly as 
compared with the ailerons alone at an angle of attack of 
20° for the equal up-and-down and the average differen- 
tial movements, but increased them slightly when used 
with the extreme differential and up-only movements. In 
no case, however, did the combination give values as high 
as those obtained with the ailerons alone having the av- 
erage differential movement. When moved back from the 
slot to. become what is here considered a small spoiler, 
the effect of the interceptor was greatly increased and a 
satisfactory value of EC was obtained with equal up-and- 
down aileron movement. (This is the only movement listed 
in Table X, but the maximum deflections corresponding to 
the other movements were tested and the data are given in 
Tables II and III.) This improvement substantiates the 
results of reference 3 and shows that the proper action 
is to spoil the smooth flow over the upper surface of the 
wing rather than to intercept the air flowing through the 
slot . 

The 0,07 c high spoiler when combined with the equal 
up-and-down or the average differential movement gave sub- 
stantially greater than the assumed satisfactory value of 
EC at an angle of attack of 20°, but gave a value that 
is just satisfactory with the extreme differential move- 
ment. The large spoiler alone gave 91 per cent of the 
assumed satisfactory value. 

At the extreme angle of attack of 30° every control 
combination tested on the wing with tip slots gave more 
than one-half the "satisfactory value of EC, a great im- 
provement over the values obtained without the slots. 
Satisfactory values were given by the spoiler and aileron 



N.A.C.A. Technical Note No. 443 



11 



combinations with equal up-and r down or average differen- 
tial movement of the ailerons. The large spoiler alone 
gave three-fourths of the satisfactory" value. 

Lateral control with sideslip .- If a wing is yawed." 
20°, a rolling moment is set up that tends to raise the 
forward tip with a magnitude that is greater aT very high 
angles of attack than the available rolling moment due to 
conventional ailerons. The limiting angle of attack at 
which the ailerons can balance the rolling moment due to 
20 yaw represents the greatest _angle of attack that can 
be held in an average sideslip. This angle is "tabulated 
for all the aileron and spoiler arrangements as a crite- 
rion of control with sideslip. 

With the wing-tip slots and ailerons alone the equal 
up-and-down deflection gave control against 20° yaw to 
the same angle of attack as tne same aileron on the plain 
wing, namely 20 , but the extreme differential and up- 
only movements gave control T;o substantially higher angles 
of attack, 32 and 33° , respectively. In addition, the 
interceptors in their original location did not affect 
this angle of attack, but when moved back increased it 
slightly. The 0,07 c high spoilers and ailerons gave con- 
trol up to high angles of attack with all the aileron 
movements, the angle being 38° with both the average and 
the extreme differential movements. The large spoiler 
alone gave control up to an angle of attack of 34°. 

Yawing , moment due to ailerons .- The desirable yawing 
moment due to ailerons varies to some extent with the 
type of airplane that is being considered. JTor a highly 
maneuver able military or acrobatic machine, complete in- 
dependence of the controls as they affect the turning mo- 
ments about the various body axes is no doubt a desirable 
feature. On the other hand, for large .transport airplanes 
and for machines to be operated by relatively inexperi- 
enced pilots, a favorable yawing moment of the proper mag- 
nitude would probably be an appreciable aid to safe fly- 
ing, finally, it is obvious that a yawing moment tending 
to turn the airplane out of itB normal bank is never de- 
sirable. 

With the ailerons alone the yawing moments were about 
the same with the slotted wing as with the plain unslot- 
ted wing, the adversely awing moments at high angles of 
attack being greater than could be overcome with an aver- 
age rudder. The adverse yawing moments were reduced con- 
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siderably but net entirely eliminated "by rigging the aile 
rons up 10. when neutral. They could be entirely elimi- 
nated by rigging the ailerons up further, but this would 
require a rather large sacrifice in a lower maximum lift 
coefficient and a higher minimum drag coefficient. 

The yawing moments were not improved by the addition 
of the interceptor in its original position at any of the 
usual angles of attack through 20°, but definitely favor- 
able yawing moments were obtained at an angle of attack 
of 30 . With the rearward position, however, substantial 
ly favorable yawing moments, with no adverse ones with 
any deflection, were obtained at all angles of attack at 
which the slot would be open (assumed as 10° and above). 

The combination of the 0,07 c high spoiler and the 
ailerons gave large favorable yawing moments, with no 
adverse ones, at all angles of attack whether the slot 
was assumed open or closed. The large spoiler alone gave 
very large, possibly too large, favorable yawing moments 
at all angles of attack. In this connection, the desira- 
ble magnitude of the favorable yawing moment is not known 
within a reasonable degree of accuracy, and flight tests 
to establish this point would be highly desirable. 

Lateral Stability 
(Controls Neutral) 



Anfile „, of attack above which autorotation is self- 
st arting.- This criterion is a measure of the range of 
angles of attack above which autorotation will start from 
an initial condition of practically zero rate of rota- 
tion, The limiting angle of attack was raised from 18° 
for the plain Clark Y wing to 33° for the wing with tip 
slots, "which puts it well above the "range of angles of 
attack that can be maintained by average conventional 
airplanes. 

Stability against rolling caused by gust s.- Test 
flights have shown that in severe gusts a rolling veloc-» 
p »b 

Ity such that = 0,05 may be obtained. Consequent- 

ly, the r.ollihg moment of a wing due to rolling at this 
p'b 

value of 7~-=r gives a measure of its stability charac- 
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teristics in rough air. In the present case, the angle 
at which this rolling moment "becomes zero is used as a 
more severe criterion than the previously mentioned angle 
at which autorotation is self-starting, to indicate the 
practical upper limit of the useful angle-of-attack range. 
With 0° yaw, the angle of attack for initial instability 
is 32° for the wing with tip slots as compared with 17° 
for the plain unslotted wing; hut with 20 yaw the angle 
is increased only a small amount, from 11° to 14°, by 
means of the slots. 

The above criterion shows the critical range below 
which stability is such that any rolling is damped out, 
and above which instability exists. The last .criterion, 
maximum C\, indicates the degree of this instability. 
With 0° yaw, the slotted wing had a much weaker tendency 
to autorotate, and the maximum tendency occurred at a very 
high angle of attack - about 40°, As shown in Figure 9, 
the damping in roll is practically zero for a very small 
range of angles of attack near 20 . As shown by the re- 
sults of reference 3, the damping at this point can be in- 
creased if desired, by lengthening the slots slightly. 

The maximum autorotational moment with 20° yaw is of 
importance only in the condition in which the airplane is 
skidded and the forward wing tip is rolled upward or the 
rear tip downward by means of a gust. This autorotation- 
al moment, which is large with the plain Clark T wing, is 
reduced somewhat by means of the tip slots; but of greater 
importance is the fact that it does not occur except at 
angles of attack above the range that can be maintained 
by the average airplane. 



Control Force Required 



The hinge moments were not measured in the tests with 
the slots because it was thought that they should not dif- 
fer greatly from the moments for the same ailerons and 
spoilers qnjfche plain wing given in ~ref erence 1, Part V. 
Those results show that "with the proper combi nations" of 
spoilers and ailerons, it is possible to obtain very small 
control forces. 



14 



N.A.C.A. Technical Note No. 443 



SECTION II. FULL- SPAN SLOT 



Criterions similar to those used in the previous sec- 
tion are given for the wing with the full-span slot in 
Table XI. 

General Performance 
(Controls Neutral) 



Wing area required for desired landing speed .- The 
value of the maximum lift coefficient was increased from 
1.27 with the unslotted Clark 1 wing to 1.83 with the 
full-span slot. (Pig. 10.) With the ailerons rigged up 
10 when neutral, the value was 5 per cent lower. 

Speed range .- With the slot assumed closed and the 
wing of perfect form at the angle of attack for minimum 
drag, the ratio C Ima2: /CD min was 44- per cent higher for 
the fully slotted wing than for the plain wing and 51 per 
cent higher for the fully slotted wing than for the one 
with tip slots covering 50 per cent of the span. The 
value of the speed-range ratio was somewhat lower with the 
ailerons rigged up 10° when neutral. 

Hate of climb .- Inasmuch as the slots. are assumed 
closed for the climbing condition and the wing is assumed 
to be of perfect Clark Y form, the rate of climb would be 
the same with the full-span slot as with the plain unslot- 
ted wing. 

Lateral Controllability 
(Maximum Assumed Control Deflection) 

Rolling criterion .- At the angle of attack of 0° with 
the slot assumed closed, conditions are the same as for 
the unslotted wing. At this angle of attack all the de- 
vices tested gave more control than necessary. 

At a = 10° with the slot open, all of the plain ai- 
leron arrangements and also the large spoilers alone gave 
very close to the assumed satisfactory value of EC of 
0.075. The combinations of ailerons and spoilers gave 
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values greatly in excess of tlie satisfactory value with 
all four aileron movements. 

At a =-20°, which represents the highest angle of 
attack which can be obtained by an average airplane in a 
glide, but which is well below the stall with the full- 
span slot, none of the plain aileron arrangements gave 
satisfactory values of EC, the values ranging between 
one-half and two-thirds of the satisfactory value. With 
all movements except the equal up-and-down, the ailerons 
alone gave less control on the fully slotted wing than on 
the plain wing, which is stalled at this angle of attack. 
The 0,07 c high spoiler when combined with the ailerons 
with either equal up-and-down or average differential 
movements gave greater than the assumed satisfactory value 
of EC at a = 20°. The values with the extreme differen- 
tial and up-only movements were not quite satisfactory. 
These conditions indicate that the downward aileron move- 
ment is more effective on a fully slotted wing than on a 
plain wing. The large spoiler alone gave about four- 
fifths of the assumed satisfactory value o£ EC. 

o 

At a = 30 , which is beyond the stall of the slotted 
wing, none of the control combinations tested gave values 
of EC which were entirely satisfactory, but some ap- 
proached it fairly closely. The highest value, 92 per 
cent of the assumed satisfactory EC, was obtained with 
the 0.07 c spoilers combined with the ailerons with the 
average differential movement. The large spoiler alone 
gave about the same amount of control at 30 as at 20°. 

Lateral control with sideslip .- The maximum angle of 
attack at which the a~ilerons alone would balance the roll- 
ing moment due to 20 yaw ranged from a minimum of 27°, 
or just above the stall of the completely slotted wing, 
to a maximum of 32°i the combined spoilers and ailerens 
gave control up t o somewhat higher "angles of attack, 35° 
being obtained with the up-only movement. Control was 
also obtained up to an angle of 35 with the large spoil- 
er alone. ~ 

Yawing moment due to controls. - ^fith the ailerons 
alone the yawing moments were about the same with the 
full-span slot as with the unslotted wing. The adverse 
yawing moments above the stall of the fully slotted wing 
were greater than can be overcome with an average rudder. 
The adverse yawing moments were eliminated below the stall 
and reduced above the stall by rigging the ailerons up 10° 
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when neutral; "but the values above the stall were still 
unsatisfactorily high. The spoiler-aileron combination 
gave rather large favorable yawing moments at all angles 
of attack, with no adverse ones. The same is true for 
the large spoiler alone, but in that case the so-called 
favorable values were extremely large, possibly too large 
for satisfactory control. 



Lateral Stability 
(Controls Neutral) 



An gle of attack above which autorotation is self- 
starting .- The limiting angle was raised from 18° for the 
unslotted Clark Y wing to 25° for the Clark Y wing with a 
full-span slot. This value is above the limiting angle 
of attack which can be maintained in a glide with an av- 
erage conventional airplane, but is slightly below the 
angle of attack for maximum lift of the fully slotted wing. 

Stabili ty a gainst rolling ca used by gusts.- With 0° 
yaw the angle of attack for initial instability with a 
rolling velocity such that E-l-li = 0.05 was the same as 

the self-~starting value, 25°. This value was 17° for the 
unslotted wing and 32° for the wing with tip slots cover- 
ing half the span. With 20° yaw the angle was increased 
from 11° for the plain wing and 14° for the wing with tip 
slots to 19° for the wing with a full-span slot. 

At 0° yaw the fully slotted wing had a maximum auto- 
rotational tendency (value of C\) which was. definitely 
lower than the average values measured for the plain un- 
slotted wing. It was, about the same as the lowest meas>- 
ured for several plain unslotted wings which vary through- 
out a fairly wide range because of inaccuracies of form, 
even though built within close limits to the same dimen- 
sions. With the fully slotted wing the maximum value of 
C\ occurred at a high angle of attack, about 35°. (Fig. 
11.) At 20° yaw the value of 0\ was about the same for 
the fully slotted wing as for the plain unslotted one. 
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CONCLUSIONS 
SECTION I. TIP SLOTS 



1. The general performance of the wing with tip 
slots was slightly poorer than that of the plain wing. 

2. Ordinary ailerons gave somewhat greater rolling 
control at high angles of attack on the slotted, wing than 
on the plain wing, "but it was below the assumed satisfac- 
tory value, and the adverse yawing moments were not re- 
duced. 

3. Rigging the ailerons up 10° gave improved yawing 
moments "but slightly poorer general performance.. 

4. The Handley Page type interceptor was found to 
give much more favorable rolling and yawing moments when 
it was moved back a certain distance from the slot and 
became in effect a small spoiler. 

5. The 0.07 c high spoiler when combined with the 
ailerons gave rolling control in excess of the assumed 
satisfactory value, together with favorable yawing moments 
at all angles of attack through 30°. 

6. The large spoiler alone gave a moderate amount pf 
rolling control, together with extremely large favorable 
yawing moments, possibly too large. 

7. The Clark Y wing model with Bandley Page tip 
slots as tested had no autor otaH onal tendency below an 
angle of attack of 32° , 



SECTION II. PTJLL SPAN SLOT 



1. The general performance of the wing with full- 
span slot was, improved considerably over that of the un~ 
slotted wing and that of the wing with tip slots. 

2. Ordinary ailerons gave rolling control definite- 
ly below the assumed satisfactory value at angles of at- 
tack well below the stall of the fully slotted wing. 
Fairly large adverse yawing moments occurred with equal 
up-and-down deflection, but these Were reduced somewhat 
by the differential movements. 
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3. Bigging the ailerons up 10° when neutral elimi- 
nated the adverse yawing moments below the stall but not 
above. 

4. Satisfactory rolling control at angles of attack 
up to the stall of the slotted wing was given by spoilers 
combined with ailerons having equal up-and-down or aver- 
age differential movement. The control was within close 
limits of the assumed satisfactory value several degrees 
beyond the stall. 

5. The large spoiler alone gave a moderate amount of 
rolling control, together with extremely large favorable 
yawing moments, possibly too large. 

6. The wing with full-span slot had autorotational 
tendencies at angles of attack above 25°, but the maximum 
autorotational tendency was definitely lower than the av- 
erage for plain Clark Y wings. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Ta. , October 25, 1932. 
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TABLE I. ORDINATES OP CLARK Y WING WITH HANDLEY PAGE SLOTS 



Basic Clark Y 


Cut-off Clark Y 


Slat 


Per cent "basic chord 


Per cent "basic 


chord 


Per cent slat chord 


Station 


Upper 


Lower 


Station 


Upper 


Lower 


Station 


Upper 


Lower 


0 


3.50 


3.50 


0 




- 


0 


11.60 


11.60 


1.25 


5.45 


1.93 


1.85 


1.65 


1.65 


1.25 


15.80 


7.24 


2.50 


6.50 


1.47 


2.50 


a 


1.47 


2.50 


17.70 


4.56 


5.00 


7.90 


.93 


5.00 


a 

• 


.93 


5.00 


19.85 


.00 


7.50 


8.85 


.63 


7.50 


I 

a 


.63 


'7.50 


21.00 


1.30 


10.00 


9.60 


.42 


10.00 


a 


.42 


10.00 


21.60 


2.43 


15.00 


10.69 


.15 


13.00 


10.07 


- 


15.00 


22.55 


4.60 


20.00 


11.36 


.03 


15.00 


10.69 


.15 


20.00 


23.15 


6.35 


30.00 


11.70 


0 


20.00 


11.36 


.03 


30.00 


23.20 


9.27 


40.00 


11.40 


0 


30.00 


11.70 


0 


40.00 


23.10 


10.94 


50.00 


10.52 


0 


40.00 


11.40 


o 


50.00 


20.05 . 


11.66 


60.00 


9.15 


0 


50.00 


10.52 


0 


60.00 


17.35 


11.35 


70.00 


7.35 


0 


60.00 


9.15 


0 


70.00 


13.78 


10.14 


80.00 


5.22 


0 


70.00 


7.35 


0 


80.00 


10.00 


7.73 


90.00 


2.80 


0 


80.00 


5.22 


0 


90.00 


5.68 


4.38 


95.00 


1.49 


0 


90.00 


2.80 


i o 

1 


95.00 


3.53 


2.12 


100.00 


.13 


0 


95.00 
100 


1.49 
.12 


1 

0 
0 


100.00 


1.30 


0 


Leading edge radius 
= 1.50 


^se radius of 20.00 
from station 1.85 to 
station 13.00 and 
corresponding ordi- 
nates 
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Table II 



TABLE II. TOROX TESTS. 10 BY 60 IHOH OLARI T WIBO WITH 50 FIR 01 HT t/S 
HAHDIXY FAQS TIF SLOTS OPM AT ALL ASGLES Or ATTAOX - PL All AILtROHS 



Taw - 0° E.I. - 609,000 Velooity - 80 a.p.h. 













PLAII AILEROIS 


35 FIR Oil? 


0 BT 40 FIR OIXT b/8 


















-5° 


00 


60 


10° 


15° 


17° 


18° 


19«> 


800 


320 


35° 


30° 


310 


33° 


400 


600 


600 


5 up 
A 


6 dn. 
A 










Ailerons looked - 


Ventral 


















0° 


00 
OO 


% 


-0.040 
.067 


0.313 
.037 


0.738 
.057 


0.986 
.089 




L.183 
.196 


1.176 
.819 


1.145 
.339 


1.065 
.334 


1.045 
.353 


1.110 
.419 


1.185 
.635 


-■ 

1.806 
.656 


1.208 
.875 


1.073 
.774 


0.885 
.938 


0.718 
1.091 


Iqual up-and-down 


30° 
80° 
85° 
85° 
30° 
30° 


80° 
20° 
85° 
25° 
30° 
30° 


OV 

& 

V 

s 




.068 
-.003 

.070 
-.008 

.078 
-.003 




.063 
-.015 

.071 
-.017 

.079 
-.019 


0.061 
-.031 

.070 
-.034 

.074 
-.035 




.047 
-.034 

.056 
-.037 

.059 
-.028 




.046 
-.037 

.054 
-.031 

.056 
-.031 


.048 
-.026 

.051 
-.031 

.056 
-.033 


.037 
-.028 

.047 
-.033 

.064 
-.036 


.028 
-.029 

.037 
-.036 

.045 
-.048 




.023 
-.030 

.031 
-.036 

.037 
-.041 


.011 
-.081 

.015 
-.036 

.019 
-.030 






Arexaga differential to. 1 


l0 °. 
l 0 o 

30° 

200 

30° 

30° 

35° 


8° 

13° 
130 
l B o 

15° 
150 
15° 


V 

ft 

V 




.033 
-.001 
.053 
.000 
.069 
.003 
.076 
.004 




.031 
-.007 

.064 
-.010 

.064 
-.011 

.089 
-.009 


.088 
-.010 

.083 
-.016 

.063 
-.017 

.068 
-.016 




.088 
-.013 

.044 
-.019 

.056 
-.031 

.057 
-.019 




.087 
-.014 

.045 
-.033 

.058 
-.035 

.060 
-.024 


.019 
-.014 

.040 
-.033 

.054 
-.038 

.057 
-.024 


.016 
-.014 

.035 
-.034 

.050 
-.028 

.063 
-.037 


.010 
-.015 

.03S 
-.036 

.043 
-.031 

.048 
-.031 




.006 
-.014 

.030 
-.024 

.035 
-.031 

.040 
-.031 


.004 
-.010 

.Oil 
-.017 

.030 
-.034 

.037 
-.035 






Extreme dtffezanttal Ho. 8 


10° 
100 
20° 
30° 
30° 
300 
400 
40° 
300 
60° 


7° 

?o 
120 
13° 

14? 
llio 

lit 0 
70 
7° 


Ol 1 

0 • 

0 T 

On' 




.030 
-.001 
.061 
.000 
.067 
.003 
.077 
.007 
.081 
.013 




.088 
-.006 

.051 
-.010 

.059 
-.009 

.089 
-.006 

.071 
-.000 


.085 

— 009 1 
.060 
.016 
.069 

-.0161 
.066 

-.0131 
.067 

-.007 




.080 
-.011 

.041 
-.017 

.053 
-.019 

.068 
-.018 

.068 
-.013 




.034 
-.013 

.045 
-.021 

.066 
-.021 

.046 
-.036 

.049 
-.019 


.017 
-.013 

.037 
-.031 

.061 
-.032 

.068 
-.031 

.058 
-.015 


.014 
-.013 

.034 
-.033 

.049 
-.035 

.056 
-.034 

.059 
-.018 


.009 
-.013 

.026 
-.024 

.041 
-.038 

.048 
-.037 

.053 
-.033 




.004 
-.012 

.019 
-.033 

.034 
-.037 

.041 
-.087 

.044 
-.083 


.003 
-.008 

.011 
-.016 

.030 
-.031 

.033 
-.035 

.019 
-.015 






















Up-only 






















10° 
100 
20O 
80° 
30? 
30° 
40? 
40° 
50° 
50° 

80 °, 
60° 


0° 

°2 

0° 

00 

0° 
00 

°°. 
0° 

00 

0° 
00 
00 


Oi' 

si 




.031 
.000 
.038 
.003 
.064 
.005 
.064 
.009 
.073 
.013 
.078 
.016 




.018 

-.003 
.036 

-.005 
.043 

-.004 
.063 

-.001 
.068 
.001 
.069 
.006 


.016 
-.008 

.034 
-.008 

.041 
-.007 

.060 
-.006 

.058 
-.004 

.065 
-.003 




.013 
-.006 

.089 
-.010 

.039 
-.010 

.046 
-.009 

.053 
-.008 

.060 
-.006 




.017 
-.007 

.034 
-.013 

.030 
-.013 

.043 
-.015 

.042 
-.014 

.048 
-.013 


.008 
-.006 

.035 
-.0(3 

.037 
-.013 

.046 
-.013 

.060 
-.010 

.053 
-.008 


.006 
-.007 

.038 
-.013 

.036 
-.015 

.044 
-.014 

.051 
-.013 

.055 
-.013 


.003 

.007 

.016 
-.014 

.031 
-.017 

.038 
-.017 

.046 
-.017 

.068 
-.016 




.001 

.007 

.015 
-.014 

.030 
-.019 

.036 
-.018 

.043 
-.018 

.048 
-.018 


.003 

.006 

.008 
-.010 

.018 
-.015 

.031 
-.019 

.017 
-.013 

.017 
-.013 


















Down-only 


0° 


5° 






.010 




.010 


.008 




.013 




.009 


.003 


.000 


-.003 




-.005 


.001 






0° 


50 


V 




-.001 




-.003 


-.004 




-.004 




-.006 


-.004 


-.004 


-.004 




-.004 


-.004 






0° 


10O 


0?' 




.016 




.017 


.016 




.018 




.016 


.007 


.005 


.003 




-.001 


.001 






°2 
°S 
0° 

22 

0° 


10° 
300 
20° 
30° 
300 


0 1 

°l' 




-.001 
.083 

-.004 
.089 

-.007 




-.006 
.039 

-.011 
.039 

-.016 


-.007 
.036 

-.014 
.033 

-.018 




-.008 
.017 

-.014 
.031 

-.030 




-.009 
.019 

-.016 
.018 

-.030 


-.008 
.013 

-.015 
.015 

-.030 


-.008 
.009 

-.016 
.013 

-.031 


-,008 
.006 

-.016 
.008 

-.034 




-.007 
.001 

-.015 
.003 

-.033 


-.007 
.001 
-.013 
-.001 
-.018 
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TABLE II. (Oont'd) TOROE TESTS. 10 BT 60 IIOH OLAEI T WIEG WITH BO PER OEST b/3 
HAHDLET PACE TIF SLOTS OPEI AT ALL AIOLES OF ATTACK - FLAW AILEROHB 



Ta» - 0» R.I. - 609,000 Yeloolty - 80 m.p.h. 











FLAW AILIROHS 


35 FEB 


CEST 


o BT 40 FIR 01 IT 


o/3 


















IEOTRAL F08ITI0X RI0OID V? 10° 












ct. 


-6° 


0° 


7° 


100 


16 s 


17« 


18° 


19 c 


80° 


33° 


38< 


30« 


Zl c 


530 


40° 


50° 


60° 




6 A 4n- 






Aileron* looked 


- Xeutxal rigged up 10° 










0° 


0° 




-0.160 


0.300 


0.891 


0.693 


1.086 


1.090 


1.090 


1.070 


1.055 


0.866 


1.038 


1.105 


1.130 


1.133 


1.038 


0.873 


0.718 


00 


00 




.066 


.037 


.063 


.073 


.134 


.168 


.187 


.308 


.356 


.314 


.871 


.474 


.498 


.514 


.734 


.903 


1.055 


Equal up-and-down (Proa Tigged up 10°) 




800 


Sn 1 




.067 




.057 


.058 




.061 




.056 


.048 


.048 


.040 




.035 


.031 






20° 


300 




.006 




-.008 


-.014 




-.017 




-.035 


-.023 


-.025 


-.028 




-.038 


-.033 






360 


35° 


h 




.076 




.069 


.066 




.067 




.060 


.057 


.053 


.046 




.040 


.037 






36° 


36° 






.004 




-.009 


-.016 




-.019 




-.034 


-.034 


-.037 


-.031 




-.031 


-.035 






30° 


30° 






.084 




.o81 


.077 




.064 




.050 


.061 


.060 


.051 




.046 


.034 






300 


300 


«£■ 




.005 




-.011 


-.018 




-.033 




-.031 


-.037 


-.039 


-.034 




-.036 


-.040 














Eztraae differential So. 3 


(rroa rigged up 10°) 








10 °. 


7° 


Oi' 




.036 




.031 


.031 




.036 




.031 


.031 


.019 


.015 




.013 


.008 






10° 


7° 


On' 




.003 




-.004 


-.007 




-.009 




-.010 


-.010 


-.013 


-.013 




-.013 


-.010 






30° 


12° 






.069 




.047 


.048 




.043 




.045 


.039 


.039 


.035 




.033 


.030 






30° 


13° 






.008 




-.003 


-.007 




-.010 




-.015 


-.015 


-.018 


-.031 




-.033 


-.017 






30? 


"2 


§?: 




.070 




.058 


.055 




.060 




.043 


.048 


.048 


.043 




.040 


.031 






300 


14° 






.005 




-.003 


-.008 




-.013 




-.019 


-.015 


-.018 


-.028 




-.033 


-.033 






*°2 


114° 






.074 




.064" 


.061 




.065 




.046 


.061 


.054 


.047 




.046 


.019 






40° 


ll{° 






.013 




.001 


-.005 




-.006 




-.015 


-.011 


-.014 


-.016 




-.019 


-.014 






60° 


7° 


Ol' 




.073 




.086 


.063 




.066 




.047 


.049 


.053 


.049 




.046 


.017 






600 


70 


V 




.018 




.006 


.001 




-.004 




-.011 


-,006 


-.009 


-.014 




-.018 


-.011 








PLAIH i 


iLEROHS 35 FIR OEHT o BT 40 PER OEST o/3 


OOMBWED WITH EAVDLEY PAOE ! 


PER OEST c 










ST 60 PER OEHT fc/8 IHTEROEPTOR AT USUAL 


LOOATIOH OS WISG. 


IHTEROEPTOR UP 90° 




Equal up-and-down 


300 


30° 


o l l 
a • 




.068 




.064 


.065 




.065 




.048 


.045 


.052 


.063 




.063 


.036 






30° 


30° 




-.003 




-.014 


-.019 




-.031 




-.035 


-.019 


-.020 


-.034 




-.033 


-.032 






36° 


380 


o?' 




.069 




.071 


.073 




.063 




.051 


.049 


.057 


.070 




.065 


.040 






360 


360 


C ' 




-.003 




-.016 


-.033 




-.036 




-.029 


-.033 


-.034 


-.029 




-.039 


-.037 






300 


300 


0?- 




.078 




.080 


.076 




.083 




.051 


.053 


.060 


.076 




.068 


.044 






300 


30° 






-.003 




-.018 


-.034 




-.036 




-.031 


-.036 


-.038 


-.036 




-.034 


-.033 






Arerage differential So. 1 




8 i° 


Ol' 




.033 




.031 


.035 




.034 




.039 


.031 


.037 


.063 




.045 


.030 






10° 


8t° 






-.001 




-.007 


-.009 




-.010 




-.014 


-.009 


-.010 


-.013 




-.009 


-.013 






300 


13° 






.053 




.050 


.067 




.053 




.043 


.043 


.051 


.063 




.059 


.036 






300 


13° 






.000 




-.010 


.016 




-.016 




-.031 


-.015 


-.016 


-.019 




-.018 


-.018 






300 


16° 


ft 




.068 




.063 


.063 




.057 




.050 


.049 


.067 


.073 




.066 


.044 






30° 


1B° 






.003 




-.010 


-.015 




-.017 




-.033 


-.018 


-.019 


-.034 




-.033 


-.034 






360 


15° 


$ 




.073 




.068 


.066 




.059 




.051 


.060 


.057 


.075 




, .088 


.050 






36° 


16° 


On' 




.004 




-.00? 


-.016 




-.016 




-.033 


-.016 


-.017 


-.034 




-.033 


-.036 


















Extreme differential lo. 


3 










10° 


7° 


0,' 




.031 




.039 


.033 




.033 




.037 


.039 


.036 


.050 




.044 


.051 






100 


7° 


OV 




.000 




-.006 


-.008 




-.008 




-.013 


-.007 


-.007 


-.011 




-.007 


-.013 






300 


1S 2 


Ol' 




.053 




.063 


.056 




.051 




.043 


.041 


.050 


.063 




.059 


.036 






30° 


13° 


0 1 




.000 




-.009 


-.016 




-.016 




-.031 


-.015 


-.016 


-.019 




-.018 


-.018 






30° 


"2 


l : 




.088 




.083 


.063 




.067 




.049 


.049 


.059 


.073 




.066 


.044 






300 


14° 






.003 




-.010 


-.015 




-.017 




-.033 


-.017 


-.019 


-.033 




-.033 


-.034 






40° 








.078 




.070 


.087 




.063 




.064 


.050 


.056 


.071 




.066 


.065 






40° 


f 






.007 




-.006 


-.013 




-.014 




-.019 


-.014 


-.014 


-.019 




-.018 


-.035 






60° 








.079 




.073 


.069 




.066 




.060 


.053 


.054 


.058 




.066 


.039 






60° 


7° 


V 




.013 




.000 


-.006 




-.009 




-.014 


-.008 


-.009 


-.013 




-.012 


-.015 






Up-only 


10 o 


0° 


Ol 1 




.031 




.018 


.033 




.024 




.019 


.033 


.037 


.044 




.041 


.038 






10 °, 


0° 


On' 




.001 




-.003 


-.004 




-.004 




I-.006 


-.003 


-.001 


-.006 




-.003 


-.008 






30° 


0° 


0?' 




.037 




.035 


.039 




.037 




.030 


.038 


.039 


.053 




.054 


.033 






30° 


°n 


°„' 




.003 




-.004 


-.007 




-.007 




-.on 


-.006 


-.006 


- .008 




-.009 


-.013 






300 


0° 


Ol' 

V 




.053 




.043 


.043 




.043 




.037 


.036 


.046 


.063 




.060 


.043 






300 


0° 




.005 




-.003 


-.005 




-.007 




-.011 


-.006 


-.007 


-.013 




-.011 


-.016 






40° 


0° 


o?' 




.063 




.063 


.Q60 




.049 




.043 


.037 


.045 


.063 




.063 


.053 






40° 


°s 






.009 




-.001 


-.004 




-.008 




-.010 


-.004 


-.004 


-.010 




-.009 


-.019 






60° 


°° 


§?: 




.069 




.063 


.058 




.067 




.063 


.045 


.047 


.053 




.053 


.037 






50°. 


°o 






.013 




.003 


-.003 




-.005 




-.008 


-.004 


-.004 


-.007 




-.008 


-.013 






60? 


0° 






.076 




.070 


.066 




.066 




.061 


.063 


.054 


.053 




.063 


.035 






60° 


0° 


V 




.017 




.005 


-.001 




-.003 




-.007 


-.003 


-.004 


-.006 




-.007 


-.013 







B 



11.1.0. A. Teohnioal Xote Ho. 443 



Table II (Cont'd) 



TABU II (Oont'd) TORSI TESTS. 10 BT 60 ISOH OLART T VIVO TITE 60 PER OIIT b/2 
HAJDLEY PASS TIP, SLOTS OPEI AC ILL ABODES OT ATT ACE - PLAIV AILER0B8 



Taw » 0° R.I. - 609,000 Yelooity - 80 a.p.h. 











PLAII AILEROHS 35 PER CUT 


0 BT 40 PER OEST b/3 


OCUBIXEO WITH 3 PER OEXT 0 


















BT. 


60 PER OEM b/3 


SPOILER LOCATED BACK FROX BLOT SPOILER UP 90° 












at 


-50 


0° 


6° 


10 c 


15° 


17° 


18° 


19° 


30° 


33° 


35° 


30° 


31 c 


33° 


40° 


50° 


60° 




6 A up 


o A dn. 




Equal up-end-down 




10° 
10° 
80° 
20° 
35° 
36° 
30? 
30° 


"2 

10 °. 

30° 
30° 
35° 
35° 
300 
30° 


C T ' 
0?. 

2»' 
Oj' 

Oji 
On' 




.033 
.002 
.055 
.000 
.067 
.000 
.076 
.000 




.049 
.003 
.075 

-.004 
.085 

-.008 
.088 

-.008 


.056 
.000 
.080 

-.009 
.090 

-.013 
.089 

-.016 




.061 
-.003 

.077 
-.013 

.085 
-.016 

.084 
-.018" 




.056 
-.010 

.068 
-.019 

.076 
-.023 

.075 
-.025 


.053 
-.009 

.063 
-.018 

.068 
-.033 

.073 
-.026 


.063 
-.009 

.071 
-.017 

.075 
-.031 

.078 
-.026 


.074 
-.015 

.083 
-.034 

.088 
-.028 

.091 
— 034 




.067 
-.013 

.079 
-.034 

.087 
-.039 

.089 
-.035 


.036 
-.015 

.044 
-.024 

.048 
-.028 

.063 
-.033 






















Average differential Bo. 


1 


















35° 


16° 
16° 


Oi' 
On' 




.070 
.006 




.074 
.001 


.079 
-.005 




.079 
-.008 




.074 
-.018 


.070 
-.018 


.077 
-.018 


.094 
-.023 




.093 
-.034 


.059 
-.037 






















Extreme differential Bo. 


2 


















50° 
500 


7° 
70 


On' 




.076 
.013 




.073 
.007 


.077 
.002 




.077 
-.003 




.070 
-.008 


.060 
-.007 


.066 
-.006 


.077 
-.013 




.073 
-.013 


.048 
-.017 






Up-only 




60° 
600 


0° 


Oi' 
V 




.071 
.017 




.066 
.018 


.073 
.007 




.073 
.005 




.067 
-.002 


.054 
-.001 


.058 
.001 


.068 
-.006 




.069 
-.007 


.045 
-.015 
















PLAIV AILER0X6 86 PER 


CUT 


0 BT 40 PER OUT 


b/8 


OOXBIXED WITH 




















7 FIR QEIT 


0 BT 60 PER QEIT 


b/8 RXARWARD-BIXQED SPOILER 












°8 


6 4 up 


6 A <ln. 


Equal up-and-down 


90° 
90° 


85° 
86° 


35° 
36° 


Oi' 

V 




.090 
.018 




.118 
-.001 


.138 
-.008 




.116 
-.016 




.100 
-.033 


.090 
-.033 


.088 
-.022 


.091 
-.081 




.087 
-.033 


.044 
-.033 






Average differential lo. 1 


90° 
90" 


36° 
35° 


16° 
16° 


Oi' 
°n' 




.078 
.016 




.105 
.006 


.114 
.001 




.108 
-.006 




.068 
-.015 


.087 
-.017 


.093 
-.016 


.100 
-.025 




.094 
-.087 


.055 
— 030 






















Ixtreue differential Io. 


8 
















90° 
90° 


50° 
50° 


7° 


Oi' 
V 




.067 
.017 




.087 
.013 


.098 
.007 




.098 
.001 




.088 
-.007 


.074 
-.008 


.077 
-.007 


.078 
-.013 




.077 
-.016 


.045 
-.019 






Up-only 


90° 
90° 
450 
45? 
45° 
46° 
45° 
450 
60°. 
60° 
60° 
60° 
60° 
60° 
60° 
30° 
30° 
30° 
16° 
160 


SOO 
600 
100 
10° 
300 
300 
300 
30° 

aoo 

30° 
40? 
40° 
60° 
60° 
10° 
100 
30° 
30° 
10° 
10° 


00 
0° 

00 

CO 
0° 
00 
00 
00 
0° 

00 

0° 
00 
OO 
OO 
0° 
0° 
00 
00 
0° 


of. 

§?: 

< 

§?: 

"n' 
0?« 

°n' 




.0B8 
.017 
.060 
.016 
.057 
.016 
.057 
.016 
.061 
.018 
.057 
.018 
.055 
.019 
.043 
.016 
.049 
.014 
.038 
.010 




.076 
.014 
.065 
.015 
.076 
.013 
.078 
.013 
.079 
.015 
.077 
.014 
.075 
.015 
.060 
.013 
.070 
.010 
.051 
.009 


.086 
.010 
.075 
.011 
.088 
.008 
.090 
.008 
.091 
.009 
.089 
.011 
.084 
.011 
.069 
.011 
.079 
.003 
.093 
.007 




.088 
.004 
.078 
.006 
.088 
.004 
.093 
.005 
.093 
.004 
.093 
.006 
.086 
.006 
.073 
.005 
.083 
.003 
.064 
.005 




.077 
-.003 

.070 

.000 

.078 
-.003 

.084 
-.004 

.083 
-.003 

.083 
-.001 

.077 
-.001 

.065 
-.001 

.072 
-.004 

.057 
-.004 


.064 
-.003 

.054 

.000 

.062 
-.003 

.070 
-.005 

.066 
-.004 

.068 
-.002 

.063 
-.003 

.050 
-.003 

.057 
-.004 

.0,45 
-.004 


.067 
-.003 

.061 
-.001 

.068 
-.003 

.074 
—005 

.070 
-.004 

.076 
-.003 

.067 
-.008 

.060 
-.003 

.064 
-.005 

.053 
-.003 


.070 
-.009 

.067 
-.006 

.073 
-.009 

.080 
-.011 

.076 
-.009 

.085 
-.010 

.071 
-.007 

.063 
-.007 

.068 
-.010 

.054 
-.007 




.070 
-.011 

.067 
—009 

.073 
•.012 

.081 
—014 
'.075 
—012 

.089 
—014 

.073 
—010 

.063 
-.009 

.068 
-.013 

.064 
-.009 


.040 
-.015 

.039 
-.011 

.035 
-.015 

.044 
-.019 

.037 
-.016 

.066 
-.033 

.043 
—016 

.087 
-.011 

.034 
-.016 

.022 
-.010 
















SPOILER ALOXE (TORWARD-EIHOED) 10 PER OUT < 


9 BT 60 PER OUT 


b/8 










Dp-only 


wS 

10° 
SOO 
20° 
40° 
40° 
60° 
60° 
90° 
90° 


°S 

°l 
0° 

°°, 

0° 
0° 
00 
0° 
00 
0° 


0° 
0° 
0° 
0° 
0° 
0° 
0° 
00 

0° 


Ol' 

o„' 

Ot 1 

0?' 

0?' 
0 1 

ot. 

V 




.009 
.005 
.030 
.010 
.045 
.016 
.068 
.031 
.028 
.033 




.030 
.006 
.039 
.008 
.058 
.018 
.073 
.017 
.050 
.083 


.044 
.005 
.053 
.005 
.067 
.008 
.084 
.014 
' .071 
.020 




.046 
.000 
.053 
.001 
.064 
.005 
.082 
.010 
.097 
.018 




.034 
-.004 
.043 
-.004 
.058 
-.001 
.073 
.004 
.104 
.014 


.033 
.001 
.030 
.000 
.044 
.001 
.059 
.003 
.086 
.005 


.018 

-.001 
.033 

-.003 
.047 

-.001 
.063 
.001 
.081 

-.001 


.007 
.000 
.031 

-.005 
.048 

-.008 
.065 

-.004 
.077 
.001 




.001 
.001 
.084 

-.004 
.048 

-.008 
.066 

-.006 
.075 

-.004 


.002 
-.002 

.003 
-.004 

.013 
-.006 

.034 
— 007 

.079 
-.013 







c 



B. 1.0.1. Teohnical Hot* Ho. 443 



Table III 



TABLE III. rORCX TI8TB. 10 BT 60 IKE OLARI T WHO WITH 60 PER CUT b/3 
HAHDLET P10S TIP 8L0TB 0PM IT ALL AIQLE8 OF ATTAOE - PLAIH AILEROH8 AHD SPOILERS 

Taw » -30° R.I. - 609,000 Telocity - 80 M.p.a. 





ot 


-10° 


-8° 


0° 


50 


10° 


16° 


18° 


19° 


30° 


22° 


36° 


30° 


33° 


33° 


34° 


40° 


60° 


60° 








Aileron* looked - leutral 


S A up 


6 A on. 






0° 
00 
0° 


0° 
0° 
0° 
0° 


1 

V 


-0.297 
.103 
.008 
.005 


-0.046 
.068 
-.002 
.003 


0.268 
.039 

-.006 
.003 


0.693 
.080 

-.007 
.003 


0.698 

.oas 

-.007 
.004 




1.17* 
.18* 

-.043 
.009 


1.308 
.317 

-.060 
.007 


1.165 
.280 

-.061 
.008 


1.138 
.349 
-.063 
.018 


1.082 
.390 

-.068 
.028 


1.140 
.493 

-.073 
.036 


1.143 
.639 

-.073 
.040 


1.145 
.683 

-.074 
.043 


1.133 
.573 

-.073 
.045 


1.074 
.711 

-.063 
.047 


0.905 
.898 

-.060 
.048 


0.736 
1.068 
-.045 
.053 


Equal up-and-down 


860 
26° 


850 
25° 


Oj' 

V 




.070 
-.004 




.087 
-.016 


0.070! .069 
-.022^.024 




.061 
-.037 


.065 
-.037 


.063 
-.033 


.048 
-.034 


.043 
-.036 






.008 
-.028 






Awaraga differencial lo. 1 


SB° 
56« 


16° 
160 


o • 

n 




.074 
.004 




.070| .0701 .072 
-. 009 1 -.014f-. 018 




.070 
-.032 


.064 
-.033 


.066 
-.039 


.088 
-.036 


.059 
-.038 






.031 
-.038 






Extreme differential lo. 2 


60° 
600 


7° 
7° 


V 




.073 
.011 




.078 
.000 


.077] .082 
-.006;-. 010 




.080 
-.014 


.072 
-.034 


.073 
-.023 


.075 
-.030 


.078 
-.034 






.039 
-.030 






Up— only 


60° 
600 


0° 

■0° 


V 




.071 
.016 




.076 
.008 


.077] .0831 
-.OOSp.OObj 


.083 
-.010 


.074 
-.019 


.078 
-.018 


.0781 .075 
-.036; -.039 






.044 

-.038 







FLAII AILEROHS 36 PER OMR o BT 40 PER OEII b/3 



PLAII AILEROHS 26 PER OZHT 0 BT 40 PES CERT b/3 HEBTBAL RIOQED DP 10° 



_°A 

g° 



S dn 

0° 
00 
00 
00 



.410 
.133 
.015 
.006 



-.149 
.068 
.006 
.003 



.163 
.040 
—001 
.001 



Aileron* looted - Heutral rigged up 10° 



.830 
.070 
.003 
.003 



1.0441.101 



.114 



.006 



.166 



013 -; 037 



.0C7 



1.130 
189 
044 

007 



1.084 
.364 
.063 
.006 



1.000 
.314 

-.067 
.017 



Equal up-and-down (from rigged up 10°) 



1.010 
.368 
.060 
.023 



1.085 
.453 
-.066 

.030 



1.090 
.491 

-.067 
.036 



1.093 
.511 
-.088 
037 



.090 
.539 
.070 
.038 



1.060 
.678 

-.086 
.047 



36° 
36° 



36° 



.074 
.004 



.070 
-.009 



.070 .073 
.014 -.018 



.070 .064 .085 .066 .069 
-.023 -.033 -.039 -.036 -.038 



.031 
-.038 



Extraa* differential Ho. 3 (Ttom rigged up 10°) 



60° 
60° 



7° 
7° 



.063 
.016 



.088 .073 .075 
.008 .001^003 



.073 .066 
-.006 -.018 



.087 .070 
.018 -.019 



.068 



.047 

•.037 



PLAI*- AILEROHS 36 PER OEHT o FT 40 PER QXHT b/3 0OKBIIE0 WITH BARDLET PAOE 3 PER 0X1 T 0 
BT 50 PER OEHT b/3 IHTEROEPTORB AT USUAL LOOATIOH OH WIHO. IHTETDEPTOR UP 90° 





i up 


6 A dn. 




Equal up-and-down 


90° 
900 


35 s 
250 


38° 
38° 


V 




.073 
-.003 


.069 
-.016 




.073 
-.031 


.069 

-voao 




.070 
-.030 


.056 
-.033 


.053 
-.084 


.060 
-.033 


.046 
-.033 






.030 
-.030 






Arerage differential Ho. 1 


90° 
90° 


36° 
36° 


16° 
18° 


V 




.074 
.006 


.071 
-.008 




.0731 .071 
—013j^01Z 




.074 
-.013 


.060 
-.017 


.061 
-.031 


.066 
-.033 


.088 
-.036 






.043 
-.033 






Extras* diffe 


■entlal Ho. 2 




90° 
90° 


°2°, 
60° 


7° 


Oj' 
On' 




.074 
;018 


.078 
.000 




.079 
-.008 


.080 
-.006 




.083 
-.004 


.086 
-.015 


.070 
-.016 


.075 
-.080 


.073 
-.031 






.055 
-.031 






Up-only 


90° 
90° 


60° 
600 


0° 
0° 


0,' 




.070 
.016 


.073 
.004 




.060 
.000 


.083 
.000 




.083 
.003 


.066 
-.009 


.071 
-.010 


.089 
-.015 


.071 
-.017 






.084 
-.017 






PLAII AILEROHS 35 PER OEHT o BT 40 PER OEHT b/3 OOHBIHED WITH 
3 PER OEHT 0 BT 60 PER OEHT b/3 SPOILER LOCATED BAOX FRO* SLOT SPOILER UP 90 s 


Equal up-and-down 


90° 
90° 


25° 
36° 


35° 
36° 


Oj' 




.071 
-.001 




.070 
-.010 


.0761 .087 
-.014^014 




.076 
-.014 


.073 
-.083 


.060 
-.019 


.063 
-.016 


.063 
-.018 






.047 
-.037 






PLAII AILEROHS 35 PER OEHT o BT 40 PER CEXT b/3 OOXBIHED WITH 
7 PER OEHT 0 BT 60 PER OEHT b/3 RE ARWARD— BZ HGED SPOILER 


Eaua 


1_W= 
.133 
^008 


M4-49- 


m 


90° 
900 


35° 
35° 


86° 
35° 


Ol 1 

V 




.078 
.011 




.065 
.003 


.1031 
-.005 




.119 
-.016 


.106 
-.034 


.101 
-.038 


.083 
-.031 


.076 
-.033 






-M 














Avexase differential Ho. 1 










900 
900 


35° 
36° 


18° 


0,' 




.073 
.018 




.081 
.010 


.0941 .1131 
.004|-.00l| 


.113 
-.007 


.100 
-.017 


.103 
-.034 


.091 
-.031 


.084 
-.033 






.063 
-.034 


















Extra* differential Ho. 3 














90° 
90° 


60° 
80° 


7° 
7° 


V 




.073 
.034 




.078 
.018 


.091 
.011 


.110 
.005 




.111 
-.001 


.098 
-.011 


.094 
-.018 


.087 
-.013 


.084 
-.017 






.080 
-.039 




















Un-onlw 












90° 
90° 


60° 
60° 


0° 
0° 


°i' 

V 




.068 
.038 




.073 
.030 


.085 
.016 


.ios| 

.oio| 


.108 
.004 


.083 
-.005 


.093 
-.011 


.081 
-.008 


.063 
-.013 






.066 
-.033 














SPOIL] 


!R ALO 


lE (TO 


HVARD—BIHQED) 10 PER CSHT o BT 60 PER OEHT b/3 


Up-only 










90° 
90° 


0° 
0° 


0° 
0° 


0,' 
0 ■ 
a 




.038 
.038 




.060 
.038 


.071 
.080 


.0971 
.018 


.104 
.014 


.088 
.006 


.081 
-.001 


.077 
.001 


.076 
-.004 






.079 
-.013 
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TABIX IT 

ROTATIOI TESTS. 10 BT.60 HOE OLABX T ¥II(} HITS » PTR QUI b/S 
EAIDLST PASS TIP SLOTS 

0^ 1* glYoa fox foxoed xotation at p*b/3T ■ 0.06 (+) Aiding the rotation 

(-) Daaplng the rotation 

p'd/2T raluaa axa fox fxea xotation 

Ta» - 0° Talooity « 80 ».p.h. R.«. - 808,000 







00 


13° 


16° 


ISO 


190 20° 31° 


330 


360 


36° 


30° 


33° 


330 J 34° 36° 360 


400 


Allaxona looted - leutxal at 0° 


(+> 

Rotation 


°x 


-.084! 


-.0318 


-.0083 


-.0038 


-.0015 


-.0013 


-.one 


-.0188 




-.0173 


-.0073 


.0007 






.0030 




.0094 


ft 
























.068 


.147 




.369 




.479 


<-> 

Rotation 
(oountex- 
olookwiee 


°x 


-.0243 


-.0307 


-.0098 


-.0088 


-.0005 


.0008 


-.0106 


-.0168 




-.0148 


-.0088 


.0043 






.0070 




.0090 


• Oil 

1 1 
























.076 


.348 




.396 




.490 


Allaxona looked - lautzal rigged 19 10° 


C+) 

Rotation 
(olook- 
wlee) 


°x 


-.0346 


-.0333 


-.0083 


-.0074 


-.0018 


-.0006 


-.0068 


-.0174 


-.0183 




-.0083 


.0013 




.0048 




.0016 


.0073 


ft 


























.080 




.190 




.406 


(-) 

Rotation 
(oounter- 
clook- 
wiae) 


°x 


-.0818 


-.0300 


-.0100 


—0114 


.0018 


.0016 


-.0068 


-.0140 


-.0160 




-.0083 


.0043 




.0063 




.0034 


.0070 


ft 
























.064 


.141 




.338 




.406 



TABU T 

ROTATIOI TESTS. 10 BT 60 IKJH OLARX T flUO YITH 60 PZR OUT fc/3 
RAID LIT PASS TIP BLOTS 



0 A la glTan fox foxoed xotation at p'o/3T « 0.06 (+) Aiding the xotation 

(-) Daaplng the xotation 



law - -30° Yelooltj - 80 m.p.h. R.I. - 809,000 





a 


00 


13° 


140 


16° 


18° 


30° 


83» 


33° 


36° 


38° 


30° 


35° 


400 


450 


Allaxona lot 


)ked - leutxal at 0° 












(+) 
Rota- 
tion 
(Oloek 
viae) 


Ox 


-0.0300 


-0.0355 


-0.0430 


-0.0660 


-0.0460 


-0.0486 


-o.osio 


-0.0646 


-0.0736 


-0.0770 


-0.0775 


-0.0665 


-O.0535 


-0.0640 


C-) 
Rota- 
tion 
(Ooun- 
tax- 
olook- 
¥iaa) 


°* 


-.0180 


-.0060 


.0000 


.0100 


.0360 


.0436 


.0385 


.0300 


.0440 


.0505 


.0555 


.0370 


.0760 


.0640 












Allaxona looked - 


leutxal xigged up 10° 












W 
Rota- 
tion 
(oiook- 
wiae) 


°» 


-.0384 


-.0330 


-.0366 


-.0460 


-.0693 


-.0434 


-.0478 


-.0688 


-.0688 




-.0738 


-.0858 


-.0534 




(-) 
Rota- 
tion 
(Ooun- 
tax- 
oloek- 
wiee) 




-.0146 


-.0066 


-.0030 


.0044 


.0300 


.0400 


.0338 


.0370 


.0430 




.0630 


.0644 


.0766 





I.A.O.A. Teohnioal Hote Ho. 443 



Table VI 



TABLE VI 

roaoE txsts. 10 bt eo iioh olare t wibo with habdlet pass full-spas slot 

0FX5 AT ALL ASOLES QT ATTACK — PLAIH AILEROH8 AID SPOILERS 



Taw = 0° R.I. = 609,000 Yeloolty e 80 m.p.b. 











PUIS 


AILER0H8 36 


PER OEST. o 


BT 40 PEE OXHT 


b/2 










-5° 


0° 


6° 


6° 


10° 


16° 


20° 


34° 


35° 


26° 


30° 


35° 


40° 


50° 


60° 


6 A up 


6 A iln. 








Ailerons looked - 


ffeutral 










°o 


0° 


& 


.0.017 


0.293 


0.636 


0.700 


0.933 


1.332 


1.6S8 




1.818 


1.830 


1.455 


1.368 


1.146 


0.966 


0.796 


0° 


0° 




.086 


.060 


.064 


.061 


.092 


.161 


.236 




.340 


.360 


.476 


.633 


.753 


.899 


1.018 


Equal up-and-down 




552 


Ol 1 










.063 




.061 


0.056 




.019 


.015 


.015 


.006 






30° 


30° 












-.015 




-.037 


-.039 




-.031 


-.039 


-.035 


-.030 






35° 


35° 






.065 






.067 




.072 


.068 




.037 


.034 


.018 


.008 






36° 


25° 






-.004 






-.017 




-.033 


-.035 




-.036 


-.035 


-.039 


-.035 






30° 


30° 






.077 






.076 




.084 


.078 




.035 


.031 


.023 


.011 






30° 


30° 


On' 




-.004 






-.019 




-.035 


-.039 




-.041 


-.040 


-.033 


-.038 














Average differential Ho. 


1 










10° 




Ol' 




.037 






.038 




.038 


.033 




-.003 


.000 


.003 


.000 






10° 


8f° 






-.003 






-.007 




-.014 


-.014 




-.017 


-.014 


-.013 


-.009 






30° 


13° 






.047 






.050 




.053 


.044 




.015 


.015 


.014 


.005 






30° 


13° 






-.001 






-.011 




-.031 


-.033 




-.035 


-.033 


-.020 


-.016 






so° 


16° 






.064 






.061 




.070 


.068 




.033 


.030 


.033 


.014 






30° 


15° 






.001 






-.011 




-.034 


-.028 




-.031 


-.031 


-.034 


-.031 






36° 


15° 






.068 






.066 




.073 


.073 




.058 


.035 


.029 


.019 






35° 


15° 


On' 




.003 






-.010 




-.023 


-.038 




-.031 


-.031 


-.037 


-.024 














Extreme differential So. 


2 










10° 


7° 


Cj' 




.028 






.037 




.038 


.033 




-.005 


-.001 


.003 


.001 






10° 


7° 






-.003 






-.007 




-.013 


-.014 




-.016 


-.013 


-.013 


-.009 






20° 


13° 


8?'- 




.048 






.050 




.053 


.045 




.014 


.014 


.014 


.006 






30° 


13° 






-.001 






-.011- 




-.023 


-.034 




-.038 


-.034 


-.031 


-.016 






30° 


14° 






.064 






.060 




.070 


-.066 




.033 


.030 


.034 


.014 






30° 


14° 






.001 






-.011 




-.035 


-.029 




-.033 


-.033 


-.036 


-.033 






40° 


lli° 






.073 






.066 




.073 


.070 




.040 


.035 


.030 


.024 






40° 


U 7 o° 


On' 




.008 






-.007 




-.030 


-.035 




-.039 


-.038 


-.035 


-.034 






60° 


7° 






.077 






.069 




.075 


.074 




.045 


.038 


.026 


.012 






60° 






.011 






-.002 




-.015 


-.020 




-.034 


-.035 


-.019 


-.016 






Up-only 


10° 


0° 


Ox" 




.016 






.017 




.018 


.016 




-.010 


-.005 


.003 


.000 






10° 


0° 






-.001 






-.004 




-.008 


-.009 




-.011 


-.009 


-.007 


-.005 






30° 


0° 






.033 






.033 




.036 


.033 




.005 


.007 


.010 


.005 






20° 


0° 






.001 






-.005 




-.013 


-.016 




-.017 


-.016 


-.013 


-.010 






30° 


0° 






.048 






.040 




.051 


.052 




.024 


.031 


.030 


.013 






30° 


0° 






.004 






-.004 




-.014 


-.019 




-.031 


-.031 


-.017 


-.014 






40° 


0° 






.067 






.049 




.057 


.059 




.033 


.038 


.027 


.023 






40° 


0° 






.008 






-.002 




-.013 


-.016 




-.030 


-.031 


-.018 


-.018 






60° 


0° 


3? 




.066 






.068 




.065 


.065 




.038 


.034 


.033 


.011 






50° 


0° 






.013 






.001 




-.011 


-.015 




-.019 


-.019 


-.014 


-.011 






60° 


0° 


§?: 




.073 






.065 




.071 


.074 




.046 


.040 


.023 


.010 






60° 


0° 


V 




.016 






.004 




-.009 


-.014 




-.018 


-.019 


-.013 


-.011 






Down-only 


0° 


0° 


o z « 




.005 






.007 




.006 


.004 




.003 


.005 


.006 


.000 






0° 


0° 


V 




.000 






-.003 




-.003 


-.002 




-.001 


-.003 


-.003 


-.002 






22 


10° 


dj« 




.011 






.014 




.014 


.012 




-.009 


.005 


-.004 


-.003 






0? 


l0 2 


o 1 




-.003 






-.005 




-.008 


-.008 




-.010 


-.006 


-.006 


-.004 






0° 


20° 






.018 






.027 




.024 


.033 




-.005 


.013 


-.003 


-.005 






o°- , 


30° 


V 




-.006 






-.011 




-.016 


-.016 




-.016 


-.015 


-.011 


-.008 






0° 


30° 






.036 






.037 




.031 


.037 




-.006 


.0100 


-.006 


-.008 






0° 


30° 


°n l 




-.009 






-.017 




-.023 


-.024 




-.022 


-.031 


-.016 


-.012 
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TABLE 71. (Oont'd) PLAIH AILEROHS 35 PER DEBT c BT 40 MR OEHT b/3 



HEUTRAL RIGOED DP 10° 





Ct 


-60 


0° 


5° 


6° 


10 


3 IB 


3 


20° 


24° 


25° 


36° 


30° 


36° 


40° 


60° 


60<= 




°A p 






Ailerons looked - Heutral rigged up 10° 




0° 
0° 


°° 

0° 


S l 
°B 


-.116 
.094 


.184 

.051 


.637 
.046 




.850 
.078 


1.348 
.130 


1.688 
.204 


1.735 
.288 


1.643 
.306 




1.413 
.435 


1.189 
.669 


1.118 
.709 


.947 
.837 


.793 
.938 
















Equal up-and-down (Prom rigged up 10°) 
















20? 
30° 
36° 
35° 
30° 
30° 


20° 
300 
250 
35° 

30° 


<V 
°n' 




.069 
.003 
<068 
.003 
.077 
.003 




.063 
-.008 

.066 
-.010 

.076 
-.013 




.064 
-.023 

.073 
-.023 

.080 
-.026 


.060 
-.026 

.073 
-.028 

.078 
-.031 




.039 
-.039 

.038 
^031 

.040 
-.033 


.027 
-.029 

.036 
-.031 

.038 
^033 


.023 
-.024 

.029 
-.027 

.029 
-.029 


.014 
-.020 

.019 
-.024 

.024 
-.038 


















Extreme differential Ho. 3 (From tigged 


up 10°) 












10° 
30° 
30° 
30° 
30° 
40° 
400 
60° 
60° 


7° 
7° 
ISO 

13 °, 
14° 

140 

lllo 

lllo 

7° 

7° 


ft 
fej 

ft 
ft 

V 




.038 
.001 
.051 
.004 
.064 
.007 
.068 
.011 
.066 
.016 




.027 
-.004 
.043 
-.006 
.066 
-.004 
.061 
.001 
.060 
.006 




.030 
-.011 

.054 
-.016 

.063 
-.016 

.066 
-.013 

.066 
-.007 


.027 
-.013 

.053 
-.020 

.063 
-.019 

.067 
-.017 

.088 
-.011 




.000 
-.014 

.035 
-,033 

.036 
-.024 

.040 
-.020 

.043 
-.013 


.003 
-.013 

.022 
-.022 

.031 
-.023 

.035 
-021 

.037 
-,018 


.008 
-.011 

.008 
-.018 

.087 
-.020 

.024 
-.016 

.021 
-.010 


.004 
-.009 

.001 
-.015 

.024 
-.020 

.011 
-.012 

.008 
-.009 














PLAIN AIIXROHS 


25 PER OEHT < 


9 


BT 40 PER OEHT 




b/3 OOHBIHXD WITH 














REAR-HIHGED SPOILER 7 PER OEHT 


0 BT 40 PER OEHT b/3 










°8 


°A 


6 A da. 


Equal up-and-down 


80= 
90° 


36° 
360 


36° 
35° 


<V 




.091 
.030 




.109 
-.004 




.141 
-.019 


.145 

-.025 




.141 
-.026 


.081 
-.029 




.044 

.032 


.030 
-.030 






Average differential Ho. 1 


60° 
90° 


38° 
36° 


16° 
160 


<v 




.085 
.016 




.097 
.003 






.133 
.013 


.143 
-.018 




.139 
.,033 


.099 
-.039 




.052 
.088 


.039 
-.028 






Extreme differential Ho. 2 


90° 
90° 


60° 


7° 
7° 


O t ' 
0 1 




.088 
.031 




.090 
.009 






.123 
.004 


.130 
-.010 




.187 
-.014 


.093 

-.020 






.046 
.021 




.034 
.080 






Dp-only 


15° 
150 
800 
80° 
30° 
30? 
45° 

45° 
45° 
460 
45° 
600 
60° 
60? 
60° 
60? 
60° 
90° 
90° 


10° 
10° 
10° 
10° 
800 
SO? 
10° 
100 
30° 
30° 
300 
30° 
30° 
30° 
40° 
400 
60° 
60° 
60° 
60° 


0° 

°° 

0° 
0° 
0° 
0° 
0° 
0° 
0° 

°°. 

0° 
00 
0° 
00 
00 
00 
OO 
0° 
0° 


Oj' 
0 ' 

°? 

On 1 

ft 

07' 

On' 

07' 




.037 
.006 
.044 
.010 
.051 
.010 
.064 
.013 
.068 
.013 
.064 
.016 
.064 
.014 
.071 
.018 
.081 
.085 
.083 
.035 




.060 
.005 
.057 
.006 
.066 
.006 
.062 
.008 
.070 
.007 
.073 
.007 
.075 
.008 
.076 
.010 
.084 
.014 
.086 
.014 






.OBS 
.000 
.089 
.001 
.099 
.003 
.094 
.031 
.104 
.003 
.111 
.003 
.108 
.008 
.1J0 
.000 
.114 
.003 
.116 
.002 


.093 
-.004 

.098 
-.004 

.108 
-.007 

.104 
-.003 

.112 
-.006 

.130 
-.008 

.115 
-.005 

.125 
-.005 

.123 
-.003 

.126 
-.004 




.091 
-.006 

.098 
-.006 

.106 
-.009 

.103 
-.005 

.110 
-.008 

.119 
-.010 

.114 
-.009 

.134 
-»008 

.133 
-.006 

.138 
-.007 


.069 
-.010 

.064 
-£10 

.070 
-.013 

.068 
-.009 

.074 
^013 

.080 
-.015 

.077 
-,013 

.088 
-.015 

.086 
-.012 

.087 
-.013 




.030 
.013 
.032 
.013 
.037 
.016 
.035 
.013 
.040 
.016 
.045 
.019 
.041 
.016 
.051 
.019 
.046 
.015 
.047 
.016 


.080 
-.013 

.031 
-.013 

.036 
-.017 

.022 
-.013 

.037 
-.016 

.032 
-.019 

.027 
-.016 

.040 
-.028 

.031 
-.016 

.038 
-.016 












rORWARD-HlHOED SPOILER ALOHE 10 PER OEHT 


0 BT 60 PER OEHT b/2 






Up-only 


10° 
30? 
30° 
40° 
40° 
60° 
60° 
90° 
90° 


0° 
0° 
00 
0° 
00 

0° 

00 

0° 
OO 
0° 


°°. 
0° 
00 
0° 
0° 
00 
00 
0° 
00 
0° 






.006 
.003 
.034 
.010 
.066 
.018 
.068 
.023 
.070 
.026 




.015 
.005 
.037 
.008 
.069 
.013 
.070 
.017 
.078 
.033 


.034 
.004 
.063 
.005 
.073 
.010 
.083 

.093 
.019 


.049 
.000 
.067 
.001 
.089 
.005 
.100 
.009 
.109 
.014 


1 

.0761 
-.005 
.099 

.oooi 

.114 
.004 
.122 
.009 


.045 
-.002 
.076 

nooe 

.100 
-.002 


.115 
.001 
.126 
.006 


.011 
-.002 

.052 
-.013 

.071 
-.010 

.087 
-.007 

.096 
-.003 




-.006 
-.001 

.003 
-.004 

.016 
-.001 

.035 
-.013 

.036 
-.013 







H.A.C.A. Teohaical lote Wo. 443 Table VII 

TABU 711. FOROE TESTS. 10 BY 60 IXOE OLARJC 7 WISO ¥ITH HAIDLEY PAOE 
TOLL-SPAS SLOT OPSI AT ALL AISLES OT ATTAOI - PLAII AILEROIS ADD SPOILERS 



law » -30° R.I. - 609,000 Veloolty - 80 a.p.h. 



PLAIS AILER0I8 35 PER OEM e BY 40 PEE OEHT -fc- 

2 




et 


-6° 


0° 


5° 


10° 


16° 


20° 


34° 


25° 


36° 


30° 


35° 


40° 


60° 


60° 




V P 


6^ dn. 


Ailerons looked - leutral 




0° 
0° 
0° 
0° 


0° 
0° 
0° 
0° 


8? 

°n 


-0.068 
.088 
.008 
.003 


0.360 
.050 

-.007 
.003 


0.564 
.033 

-.011 
.003 


0.863 
.085 

-.013 
.004 


1.232 
.138 

-.011 
.007 


1.633 
.304 

-.019 
.014 


1.684 
.269 

-.035 
.021 


1.191 
.283 

-.038 
.033 


1.638 
.326 

-.037 
.034 


1.488 
.448 

-.066 
.032 


1.317 
.597 

-.078 
.045 


1.138 
.719 

-.083 
.049 


0.983 
.873 

-.057 
.051 


0.816 
.981 

-.063 
.065 


Equal up-and-down 




26° 
26° 


36° 
35° 


°n 




.066 
-.003 




.068 
-.016 




.072 
-.030 


.068 
-.032 




.061 
-.033 


.036 
-.037 


.020 
-.035 


.011 
-.033 






Average differential lo. 1 




36° 
35° 


16° 
16° 


°4 




.070 
.004 




.071 
-.009 




.076 
-.023 


.077 
-.037 




.066 
-.089 


.060 
-.037 


.037 
-.038 


.033 
.-.036 






Extreme differential lo. 3 




80° 
60° 


7° 
7° 


°«! 
0 n 




.071 
.013 




.078 
.000 




.083 
-.018 


.088 
-.032 




.063 
-.036 


.061 
-.029 


.065 
-.037 


.035 
-.038 






Up-only 




60° 
60° 


0° 


Ol' 
<V 




.068 
.016 




.075 
.006 




.081 
-.010 


.087 
-.017 




.056 
-.030 


.068 
-.038 


.055 
-.033 


.038 
-.034 






PLAIff AILEROKS 35 PER OBIT o BY 40 PER OXHT |-. IEUTRAL RIQOED CP 10° 


Aileron* looked - leutral rigf 


;ed up 10° 




0° 
0° 


0° 

°2 

0° 


°h 

0,' 

°s 


-.149 
.091 
.013 
.004 


.146 
.050 
-.005 
.003 


.461 
.045 
-.008 
.003 


.781 
.071 
-.010 
.004 


1.133 
.119 

-.007 
.006 


1.444 
.183 

-.016 
.013 


1.593 
.241 

-.030 
.018 


1.580 
.270 

-.046 
.019 


1.530 
.394 

-.063 
.030 


1.138 
.409 

-.050 
.Q28 


1.344 
.653 

-.080 
.043 


1.115 
.683 

-.080 
.053 


.945 
.893 
-.058 
.053 


.792 
1.036 
-.048 

.056 


Equal up-and-down (Troa rigged up 10°) 




86° 
36° 


K 

35° 


°J 
°i 




.070 
.004 




.071 
-.009 




.076 
-.023 


.077 
-.037 




.066 
-.029 


.050 
-.037 


.037 
-.038 


.033 
-.036 






Differential lo. 3 (from rigged up 10°) 




B0° 
80° 


7° 
7° 


oA 

°ni 


.063 
.010 




.069 
.007 




.076 
-.007 


.079 
,-.013 




.077 
-.015 


.055 
-.019 


.056 
-.037 


.034 
-.036 






FLAII AILEROIS 35 PER OEIT o BY 40 PER OEIY -|- 
OOHBIKED WITH REAR-ECIOED SPOILERS. 7 PER OEIT o BY 40 PER OEIT f- 


_ 8 8_ 

90° 
90° 


k 6 A Up 


h °*- 


Equal up-and-down 


35° 
35° 


35° 
36° 


Ox' 
°n 




.071 
.013 




.070 
.003 




.087 
-.003 


.085 
-.001 




.077 
.003 


.036 
.005 


-.033 
.016 


-.060 
.036 






Average differential lo. 1 


90? 
90° 


35° 


15? 
15° 


0l -l 
«nl 


.073 
.019 




.073 
.010 




.090 
.004 


.087 
.005 




.083 
.006 


.033 
.007 


-.019 
.013 


-.060 
.034 






Extreme differential lo. 3 


90° 
80° 


60° 
50° 


7° 
7° 


Ot' 
<V 




.073 
.034 




.073 
.017 




.091 
.013 


.093 
.011 




.089 
.011 


.040 
.011 


-.005 
.015 


-.030 
.033 






Up-only 


90° 
90° 


60° 
60° 


0° 
0° 


Oi' 
u n 




.069 
.039 




.069 
.033 




.092 
.018 


.091 
.018 




.089 
.017 


.042 
.015 


.000 
.019 


-.039 
.036 






FORWARD— HIIQED SPOILERS ALOIS 10 PER OEIT o BY 60 PER OEIT £- 


Up-only 


90° 
90° 


0° 
0° 


0° 
0° 


Oi' 




.034 
.037 




.035 
.029 


.050 
.039 


.068 
.037 


.078 
.038 




.078 
.028 


.044 
.035 




-.036 
.035 







TABLE Till. R0TATI02T TESTS. 10 BY 60 IUCH CLARK T WIH& WITH RAHDLEY PAGE FULL- SPAN SLOT 

. f (4) Aiding the rotation 

is given for forced rotation at p«o/2V = 0.05 W_) Damping the rotation 
pi"b/2V values axe for free rotation 
Yaw = 0° Velocity = 80 aup.h. R.H, = 609,000 





a 


0° 


12° 


16° 20° 22° 24° J 25° 26° j 27° 


30° 


32° 


35° 1 40° 








Ailerons locked - Heutral at 0° 










(+) 

Rota- 
tion 
(clock- 
wise) 


c * 
P'° 


-0.0243 


-0.0238 


-C.0378 


-0.C248 




-0.0148 


Q.214 


0.0117 


0.0152 


0.0140 
.403 


0.0097 


0.0110 
.458 


0.0095 

.543 ^ 
• 

o 


(-) 
Rota- 
tion 
(conn* 

ter 
clock- 
wise) 


°* 

5~ v 


-.0245 


-.0246 


-.0260 


-.0200 




-.0125 


.086 


.0160 


.0168 


.0190 
.387 


.0188 


.0208 
.465 


.0160 !» 

• 

© 

o 
e 
y 

.583 £ 
P 

M 


i 






Ailerons locked - Neutral rigged tip 10° 










(4) 
Rota- 
tion 
(clock- 
wise) 


2 V 


-.0228 


-.0233 


-.0281 


-.0258 


-0.0243 




-.0016 


.0092 


.0153 


.0130 
.373 


.0110 


.0062 
.437 


o 

.0084 
.533 


(-) 
Rota- 
tion 
(coun- 
ter 
clock- 
wise ) 


°* 

p'h 
2 7 


-.0305 


-.0220 


-.0357 


-.0225 


-.0210 




-.0135 
.071 


.0145 


.0175 


.0180 
.372 


.0180 


.0150 
.449 


.0150 M 
.533 



TABLE IX. ROTATION TESTS. 10 BY 60 INCH CLARK Y WING WITH HANDLEY PAGE FULL- SPAN SLOT 

r, „ , , . ., /„„ _ . . f (+) Aiding the rotation 

_„ __ „ , . ^ Damping tne rotation 



Yair - -20 c 



Velocity = 80 m.p.h. 



E.N. " 609,000 





« j 0° 12° 16° 18° 20° 22° ! 2S° 24° | 25° 26° 28° 30° 32° ! 35° 1 40° 






i 


Ailerons locked - Neul 


tral at 0° 


(+) 

Rota- 
tion 
( clock- 
wise) 




-.0318 


-.0376 


-.0393 


-.0403 


-.0443 




-.0493 


-.0516 


-.0438 


-.0383 


-.0393 


-.0408 


-.0448 


-.0553 


-.0636 


\ t 
Rota- 
tion 
(coun- 

f OP 

clock- 
wise) 




-.0140 


-.0065 


-.0075 


-.0030 


.0025 




-.0145 


.0272 


.0295 


.0362 


.0608 


.0710 


.0778 


.0875 


.0800 




Ailerons locked - Neutral rigged up 10° 


(+) 
Rota- 
tion 
(clock- 
wise) 




-.0263 


-.0328 


-.0348 




-.0410 


-.0438 






-.0488 


-.0418 


-.0416 


-.0448 


-.0463 


-.0653 


-.0643 


(-) 
Rota- 
tion 
(coun- 
ter 
clock- 
wise) 




-.0190 


-.0085 


-.0110 




-.0012 


.0050 






.0260 


.0290 


.0477 


.0658 


.0690 


.0795 


.0870 



■ 

* 



1-3 
CO 
O 

Q 

o 

c+ 

CD 

«=! 
o 



Subjaot 


Criterion 


Plain ilia mm* 85 par oant 
abort by 40 pax oant eeai- 
■pan^aaanMd ataadart 

Plain wing 11 


Plain ailerons 
tip .lot. 0.60 b/3 Ions 


Plain alleroej 
leutxal^rJgEed 

>T4% slots 


Plain allarona 
Xnteroeptor 0.03 o by 
O.BO b/3 1 

— r ~ — 


Plain 

fpotfS* 
3.03 o 

fcP-S 

1,06 e 
Looatioi 
fin alot 


J 

Plain allarona. 

BpoUar 0.07 o by 

0.60 b/8 
■j— _ i _ 

a 


Spoiler 
0,10* by 
0.80 
b/3 . 

iiSta 






Stand- 
ard 

350 up 
83° dn. 


Differ- 
ential 
lo , 1 
56° up 
100 ^ 


■Differ- 
ential 
So. 3 
80° op 
7° dn 


. Ud— 
only 
80° 


Stand- 
ard 
88° up 
300 dn 


Differ- 
ential 
lo. 1 
.880 up 
18° dn 


■Differ- 
ential 
lo. 3 
60g up 
7° dn 


* Dp- 
only 
80°^ 


Btand-1 
ard 

36° Dpi 
35° dn. 


Differ- 
ential 

lo. a 

600 up 
7» dn 


BtaUad.— 
art 

255 up 
3? Z 


Differ- 
antlal 
lo. 1 

, flffO rm 

ISO dn. 


■Differ- 
ontlal 

to. a 

EDO up 
7° dn 


"Dp- 
only 
800 


ytand- 

urd 

35° up 
86° d£ 


Stand- 
art 
SB 0 up 
86° in 


Differ 
sntleJl 

So 1 

18° S 


-Differ- 
ential 

lo. a 

60° up 
, 7° dn. 


Dp- 
only 
60° 


Dp- 


ting: am or 
ndniana speed 


Nazism 0, 




1.370 


1,370 


1.370 


1.370 


1.308 


1.308 


1.808 


l.aoa 


1.133 


1.133 


1.308 


1.808 


1.308 


1.308 


1.308 


1.308 


1.306 


1.808 


1.308 


l.aoa 


■peed nasi 


Hex. Oj/atn. 


8,-00 


79.1 


79.4 


79.4 


79.4 


75.5 


78.8 


78.8 


78.8 


88.6 


68.8 


7S.D 


76.5 


78.6 


76.6 


76.6 


75.6 


76.6 


75.8 


76. E 


76.6 


Rata at ollab 






1B.0 


15.8 


18.9 


18.9 


15.9 


16.9 


16.9 


IE. 9 


17.1 


17.1 


16.9 


IB. 9 


16.9 


15.0 


15,9 


16.9 


16.9 


16.9 


16.9 


18.9 


lateral 


ao 


a- 0° 
Slot closed 


0.3M 


0.303 


0.314 


0.198 


0.804 


0.803 


0.814 


0.1S6 


0.849 


o.aao 


80.304 


50.303 > 


0.314 1 


6.106 


89.804 


0.304 


0.173 


0.171 


0.136 


0.136 


aa 


a- 10° 
Slot open 


.ora 


.07* 


.074 


.073 


.074 


.071 


.071 


.068 


.078 


.070 


.074 


.070 


.073 


.069 


.086 


.US 


.103 


■ 085 


■073 


.074 


BO 


0.-90° 


,088 


.051 


.068 


.054 


.057 


.081 


.080 


.048 


.081 


.048 


,OH 


.063 


.057 


.068 


.074 


.096 


.091 


•078 


.089 


.068 


BO 


a - 30° 


.017 


.008 


.001 


•ooa 


♦OH 


•0*7 




.048 


•000 


■040 


.083 


.088 


.047 


.040 


.078 


.079 


.084 


.063 


.064 


.058 


Lateral oontrol 
with aide illp 


Eu 

M 
M 
St 


dan a at eWoh 
mtrola »ill bml- 
um Oi' Ana to 


sop 


800 


81° 


83» 


30° 


B40 




aa 9 


34° 


38° 




81° 


sa 6 


33° 


S* e 


34° 


38° 


88° 


as 6 


34° 


Teeing aoaauti 
due to oontTola 

(+) rarorabln 
l-t Dnfarorablo 


°n 


« - 0° Biata oloeed 


-.007 


o.ooa , 

•-.003 ' 


0.010 

u.ooa 


0.018 


-.007 


o.ooa 

0-.008 


.0.010 

O-.OOS 


0.018 


OO.OOS 


0.016 


S 1 
S-.007 


Sp.OOB < 
S.0O3 1 


jp.OlO 80.016 

»-ooa b 


S 

"-.Off 


c 

r 


'o.ooa 


0.007 


0.010 


0.013 


0.017 


°n 


a " 10° Bloti opan 


' .004 ' .018 
-.OOt "-.DOB o-.ooi 


.019 


-.004 


.008 
*-.003 


,013 
a-.OOL 


.018 


.002 


.017 


' .003 
-.003*-. 001 


.013 
■wOOl 


.017 


» .018 


.033 




•.oas 


".087 


.036 


On 


oi- 30° 


-.013 


1 .008 

a -.0O7 °-.oos 

i i 


.018 
l-.OOS 


-.000 


°-.0OB 


•-.OOB 


.005 
1*001 


Ou.004 


.008 
4^003 


-.010 


I . 008 
"-.006 O-tOOS 


.016 


* .010 


.03.4 


d .033 


•.033 


".087 


.037 


°n 


a- 30° 


-.000 


1 

-.008 *-.007 1 


.003 
'-.004 


-.013 


*-.ooe 


- 006 
B -.008 


.013 

biooe 


-.004 


.018 
—.003 


■ .0JL4 1 


.017 


• .019 


•.0B3 


1 .023 


.019 


a .033 


".037 


".OS* 


•038 


lateral atar- 
bilily 

IS X 1 Sg - 0<») 


a for Initial inetfc- 
billty In rolling 


16° 


18° 


IB 0 


18» 


83° 


83° 


83° 


88° 


33* 


68° 


88° 


83° 


83° 


83° 


88° 


8S 6 


33° 


38° 


SB" 


33° 


<X 

Bl 

0 
D11 


for initial inasa- 
Ulty at p'b/St - 
OS — 










































Tb» - 0" 


17° 


17° 


17° 


17» 


sa° 


sa° 


8*» 


33° 


83° 


as* 


38° 


33° 


BS° 


38° 


33° 


38° 


38° 




33^ 


38° 


to Taa - XO 


11 s 


11° 


11° 


11° 


14" 


14 B 


14 s 


14° 


16 s 


18 s 


I* 6 


14° 


14 s 


14° 


14 s 


14° 


14° 


1< 


14° 


14° 


BBJ 

a) 

DH 


liana unstable 0» 
p'b/ST - 0.05 " 
Taw - 0» 


.048 


.ota 


.048 


.048 


'.009 


'.009 


f .00B 


'.009 


f .007 


* .007 


*.ooe 


'.009 


f .009 


' 009 


f .009 


f .009 


'.009 


'.009 


'.009 


'.008 


to law - 30° 


.085 


.093 


.098 


.083 


.078 


.078 


.078 


.078 


.078 


.076 


.076 


.078 


.078 


.076 


.076 


.078 


.078 


.078 


.078 


.078 



* to • Vbara tne aoxlnBi Turing anaaat ooourred. below eejclana deflootlon, taa lattasa indloate the deflaatlon of Una up aileron aa follow: * - 10° , 0 - 18°, 0 - 30°, 

a _ jap o-io° 
' Tame at a- 40°. Hutu not yet reaobea. 

« iilorona alone dafleoted for tola oondlUon. B Data tram Referenoa 1, Parte I and V. 



3 



ubxj xi. aaiTKuow swnj Bcurm nsits or ooitaoLa rem ma with raL-apur slots 



Snbjoot Orltorioo 


Flam aileron* SB par oast obord bjr 
40^j*x^oeirt taniapan (aiauaed etan- 

** Plain wing" 


Plain aileron* 
fuU-apan ilot 


Plain al 
■antral 
up 10*T 
•pan alp 


Lorons 
ringed 

rnu- 
t 


Plain aileron* with (poller 0.07 
0 by 0.40 b/3. Foil apoa Blot 


Snollar 
O 0 
or 0.60 
n/3. Tull 
•pan ilot 


Standard 
3BP up 
35° on. 


Differen- 
tial Mo.l 
SB" ^ . 
15° on. 


Diffirau- 

00° up ' 
TO da.. 


Tin iflTil If 

600 


Standard 
SEO dn. 


Differen- 
tia! *a 1 

15° dn. 


Diffaran- 

BOO op 
7° dn ". 


Dp— onXy 
60° 


Standard 
36? op 
35° dn. 


Differen- 
tial So. 8 

BOX "J> 


Standard 

bb£ V 
as" in. 


Dlffaxen- 
tlal lo.l 
860 n» 
18° dn. 


Differen- 
tial ao.8 

50O tip 
7° E. 


Up-only 
80° 


Bp-only 
900 


wing arum or 
Inliwi apeed 






1.370 


1.870 


1.370 


l.STO 


1.830 


1.830 


1.830 


1.830 


1.735 




1.830 


1.B80 


1.830 


1.830 


1.830 


Spend rango 


■M. V 

Bin. Oj) 




Yd.* 


to a 


•M J. 
TV *v 


nn' a 
TO*-* 


111 A 


Hit- 3 


114.3 


114.2 


108.0 


WS.6 


114.8 


114. 8 


114,3 


114.3 


114.8 


Hat* of oil* 


1/n at Oj,- 
o.ro 




UB.9 


15.9 


15.9 


15.9 


16.9 


18.9 


18.0 


IB .9 


17.1 


17.1 


16.9 


16.9 


12.9 


16.9 


15.9 


lateral oon- 
t reliability 


HO 


Blot olaiad 


0.804 


0.308 


O.SU 


0.198 


0.804 


0.808 


0.314 


o.ise 


0.349 


0.330 


0.807 


0,174 


0.136 


0.136 


0.136 


BO 


a- jjfi 
Slot open 


.070 


.074 


.074 


.078 


.074 


.078 


.073 


.069 


,0?8 


.089 


.110 


.108 


.091 


.088 


.078 


BO 


a - ao° 


.036 


.061 


.055 


.004 


.047 


.045 


.046 


.043 


.043 


.041 


.083 


.077 


.070 


.085 


.059 


ao 


a- 80° 


.017 


.006 


.003 


.008 


.080 


.033 


.0X1 


.050 


.038 


.088 


.068 


.089 


.088 


.058 


.088 


Lateral con- 
trol wltH 
■id* »llp 


■axLnna « at anion 
eonirola id 11 halano* 
0i" dug to 30° jus 


80° 


soo 


sx° 


33° 


37° 


89* 


310 


381° 


ago 


30° 


33° 


330 


340 


36° 


36°" 


au*"So oonr- 
txole 

(+)FnTOTfiLbl* 

(-)nofnan)Os 




a- 0° 

Slot olowd 


-.007 


J). 008 
O-.005 


0.010 
O-.003 


0.010 


-.007 


,0,008 
"-.003 


,0,010 
O-.002 


0.018 


°0.002 


0.015 


0.001 


0.008 


0.018 


0.013 


0.017 


°n. 


rt - H0° 
Blot opffn 


-.004 


v ■° 04 
O-.003 


.oii 
0-.001 


.ou 


-.006 


_ .008 

o-.ooa 


_ .010 

o-.Ooa 


.015 
■-'.001 


.003 


.015 


.016 


.019 


.085 


.089 


.036 


°n 


a- 30° 


-.010 


O-..007 


„ -00B 
D-,008 


.013 
»-.008 


-.006 


.003 
•-.003 


. .013 
"-.003 


.018 
•-.001 


.003 


. .018 
O-.OOl 


.030 


0.083 


.039 


.048 


.061 


"a 


a- S0° 


-.008 


-.006 


O-.007 


. .008 
O-.004 


-.018 


to-. 013 


O-.OM 


v -°°* 
n-.OlO 


•-.Oil 


*-!ou 


.018 


.033 


.030 


.033 


.048 


Intaral sta- 
tu Ukr 
( 6 A and 6 g - 

0°) 


ct fox Initial inata- 
UUtj la rolling 


1B» 


iao 


IB" 


Iff 


88° 


as* 


280 


360 


as° 


3SO 


38° 


86° 


860 


36° 


85P 


a 
bl 
0. 

Dl 


fox Initial 1 nata- 
lity at p'b/37 - 
06 

Taw -oo 


17° 


17° 


17° 


170 


35<> 


86° 


80° 


8&0 


86° 


86° 


85° 


38° 


' 35O 


85° 


36° 


Tto Taw -(BO" 


11° 


u° 


11° 


lio 


IS* 


19° 


IS 0 


ISO 


ai 8 


31° 


W» 


19° 


19° 


19° 


13° 


lb 

< 


ixlaua nnwtabla 

to** P '^" 
Tax- 0» 


.048 


.018 


.045 


.048 


.031 


.031 


.081 


.031 


.018 


.018 


.031 


.081 


.081 


.081 


.081 


tto Tax - BOP 


.005 


.093 


.095 


.093 


.088 


.088 


.088 


.088 


.087 


.087 


.068 


.oaa 


.088 


.088 


.088 



* to d Son* the aaxlana yawing aoaeat ooonrrad Below aaxlaoa defleotlon, tbo Utters Indicate too doCLotrtloo of tb* np aileron aa follow 1 • - 10°, - 15°, 0 » 80°, 4 ■ 6°. 



lata from lUferoROB 1, Parti I and T. 



NA.C A. Technical Note No. 443 

r=0.02c^ rSlo f closed 



Figs. 1,2 





1=0. 01 85c t= 0.04c 
O.I2ct Basic chord, 0.(10.0")- 



-0.25c- 



\-0.40b/2-*\ 



-0.50h/2 



s-S/of closed 



S/of open- 



Tip slots 
-Span, h(60.0")~ 



'^0.50h/2- 



/~S/of closed 



Slot open- x 



Full- span s/of 

Fig.l Details of Clark Y wing with Handley Page slots 
and ordinary ailerons. 

0.07c- 




Slof closed 



^Curved plate spoiler 




</ \~-0.20c-^ 
-0.40W2-*\ 



Basic chord c(IO.O") 



-0.25c A 

r-0.40b/2-^ 



-Slot closed 



Slot open-^' 



f -Spoil er 



-0.50 b/?— I 



Tip slots 
-Span, o(60.0")- 



-0.50W2- 







0.20W2 Slot 
L -^T-0.40W2-\ closed 


Spoiler 0.20h/2 



Full-span slot 
Fig.2 Details of Clark Y wing with Handley Page slots, 
ordinary ailerons, and rear hinged spoilers. 
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cp 


i/Yer 
SO* 
-ran 
60" 


















/We 
tp 


















— opc 


>//er- 
SO* 
yon 
Z5'' 
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y/er- 
SO- 
iron 
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10 



30 



Spoiler location, per cent scmispan from wing tip 



Fig. 3 Effect on Ci'^. of spoiler location 
along span of wing with full -span 
slot and medium ailerons. 




N.A.C.A. Technical Note No. 443 



Figs. 4,5 
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Fig. 4 Details of Clark Y wing with, ordinary ailerons, 
interceptors, and Handley Page tip slots. 
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Fig. 5 Details of Clark Y wing with Handley Page slots and 
large spoiler. 
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Fig. 6 



Spoiler 
with ailerons 
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Deflection of up aileron, degrees 

Fig. 6 Assumed movements of control surfaces. 
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Figs. 8,10 
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Fig. 8 Lift , drag, and center of pressure for Clark. Y wing with 
50 per cent b/2 tip slots and for plain wing. Yaw = 0° 




8 /6 24 32 40 48 
Angle of attack, degrees, a 

Fig.10 Lift, drag, and center of pressure for Clark Y wing with 
full -span slot and for plain wing. Yaw = 0° 
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Fig. 9 Rolling-moment coefficients due to roll- 
ing at ^ = 0.05 and yaw = 0° far Clark Y 

wing with 50 per cent b/2 tip slots and for 
plain wing. 
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Fig.ll Rolling-moment coefficients due to roll- 
ing at = °- 05 BJld y &w= 00 ior Clark Y 
wing with full-span slot and for plain wing. 
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